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misleading or inaccurate claims 


Suitability of Advertising Copy 
After a product or service has been declared 
eligible to be advertised in the scientific 
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approved. As in the case of eligibility, the A.M.A. 
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of copy, layout, and art work, guided in all cases 
by the following principles: 

The advertisement should clearly identify the 
advertiser and the product or service being 
offered. In the case of drug advertisements, the 
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designation, of each active ingredient must be 
shown in appropriate type size. If the generic 
name of a drug appears in close juxtaposition to 
the trade name, it should not be unduly 
subordinated and under no circumstances appear 
in less than 8 point type. If the generic name 
does not appear in close juxtaposition to the 
trade name, it should not be unduly subordinated 
and under no circumstances appear in less 

than 10 point type. 


here is a typical section of the A.M.A. Principles 
Governing Advertising in A.M.A. Publications 
that protect their readers against superlative, 


WHY WE 
SOMETIMES 
ASK 

QUESTIONS 


Every statement that appears in A.M.A. 
publication ads must be backed by 
substantiated facts ... or we won't run it! 


This is why you can rely on what you 
read about the products that are advertised 
in the pages of A.M.A. scientific journals. 
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Advertisements should not be deceptive or 
misleading. Layout, art work and format should 
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Unfair comparisons or the blatant and 
unwarranted disparagement of a competitor's 
products or services will not be allowed. 
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Sweeping superlatives or extravagantly worded 
copy will not be allowed. Any claims for 
superiority must be supported by evidence 
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Quotations or excerpts from a published paper 
are acceptable only if they do not distort the 
meaning intended by the author. Claims made 
within quotations must conform to the same 
standards as unquoted claims. 
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Advertisements will not be accepted if they appear 
to conflict with the principles of medical ethics, 
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LOUIS WEINSTEIN, Ph.D., M.D., Boston 


The antibiotic era is a very short one; 
it encompasses only about 17 years. In a 
field as young as this, it is difficult to dis- 
cuss recent specific advances because the 
whole field is advancing, rapidly in some 
cases, more slowly in others. As a matter 
of fact, change has been so rapid that new 
agents are very often widely applied and 
substituted for the “old” ones about which 
much still remains to be learned. In some 
situations progress has come to a halt, and 
the present lack of success in treatment 
closely resembles that of the preantibotic 
period, 

As is often the case, progress creates 
problems. There is no doubt that the avail- 
ability of potent antimicrobial agents has 
solved a great many of the problems in the 
field of infection. There is also no question 
that an appreciable number of new problems 
have been created and that some of these 
are even more difficult than the old ones. 
One of the common difficulties today is the 
large number of anti-infective drugs. There 
are at present at least 15 antibiotics and 10 
sulfonamide compounds. This sometimes 
creates a difficult dilemma for the physician 
Received for publication July 23, 1959, 

Read at the Boston Meeting of the American 
Academy of Occupational Medicine, Feb. 17, 1959. 

From the Department of Medicine, Tufts Uni- 
versity School of Medicine, and the Infectious 
Disease Service, Pratt Diagnostic Clinic-New 
England Center Hospital, Boston. Dr. Weinstein 
is Professor of Medicine, Tufts University School 
of Medicine, and Lecturer on Infectious Disease, 
Harvard Medical School, Boston. 


Recent Advances in the Chemotherapy of Infection 


who must choose a single agent from this 
large number, when he considers such fea- 
tures as degree of effectiveness, route of 
administration, risk of untoward effects, and 
cost. The difficulty is even further increased 
by the availability of mixtures and combi- 
nations of antimicrobial compounds for 
which claims of superior and inferior ac- 
tivity are simultaneously expressed in the 
literature. 

A discussion of advances in a field carries 
with it the inference that progress alone will 
be reviewed. This is not possible, however, 
when the treatment of infection is being 
discussed, since, because this is a relatively 
new development, we are still learning not 
only the beneficial effects of therapy but also 
its dangerous aspects. 

Substantial advances of clinical signifi- 
cance in the therapy of any disease come 
only after the drugs which are recommended 
have been used extensively enough under 
controlled condition so that they can be 
critically evaluated. The development of a 
new antibiotic, for example, does not neces- 
sarily represent an advance in the treatment 
of infection, because the agent may not 
prove as effective or as harmless as it was 
first thought to be. In fact, the use of the 
new drug may represent a backward step 
because it is applied, often very widely, in 
place of the old agents before it is appre- 
ciated that the new drug is not as good as 
the old one. The price of such an “advance” 
may be paid by the patient in the hard coin 
of prolonged illness, serious reactions, and 
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sometimes even death. In discussing recent 
advances in the field of antimicrobial ther- 
apy it is important, therefore, not only to 
review the improvements that have come 
about but also to discuss some of the poor 
results and the bad effects of these dugs. 

Because of limitation of space, it is ob- 
viously impossible to discuss the whole area 
of antibiotic therapy. It is the purpose of 
this paper to review briefly a few selected 
problems which have practical significance 
and which illustrate some of the general 
principles of chemotherapy which, when 
properly applied, make the difference be- 
tween effective and poor treatment. 


The “New” Antibiotics 

New antimicrobial agents are being de- 
veloped constantly. Many of these never go 
beyond the laboratory stage of development 
because they prove to be too toxic or rela- 
tively ineffective. There have appeared in 
the last several years, however, several new 
antibiotics and sulfonamides. Among these 
are ristocetin, vancomycin, kanamycin, 
amphotericin, sulfamethoxypryidazine, sul- 
famethoxypyramidine, sulfaethylthia- 
diazole. 


and 


Kanamycin (Kantrex).—lKanamycin is a 


water-soluble basic antibiotic obtained as 


a fermentation product of Streptomyces 
kanamyceticus. 


from but re- 
lated closely to neomycin and has a lesser 


It is distinct 


but definite relationship to streptomycin. It 


is active against bacteria 


like Escherichia coli, Aerobacter aerogenes, 


Gram-negative 


Salmonella; Gram-positive organisms, such 
as Staphylococcus pyogenes var. aureus, 
and the tubercle bacillus. It is ineffective 
against streptococci, Diplococcus pneumo- 
niae, and Clostridium. In high concen- 
trations the drug is bactericidal, in lower 
ones bacteriostatic. 

The period of time over which kanamycin 
has been employed is still too short for a 
complete appraisal of the area of clinical 
usefulness of this agent to have been carried 
out. It has to be of use in 
a limited number of cases of urinary tract 


been shown 
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infection, shigellosis, typhoid fever, bacter- 
emia due to Gram-negative bacteria, peri- 
tonitis, systemic staphylococcal infections, 
and some types of tuberculosis. It must be 
stressed that, although kanamycin is a so- 
called “broad-spectrum” antibiotic, it is not 
a substitute for all other antimicrobial 
agents. At this point, it would seem most 
prudent to reserve this drug for use in the 
management of infections due to organisms 
not susceptible to those antibiotics with 
which there has been a much broader and 
extensive experience. Kanamycin has been 
suggested for the reduction of intestinal 
bacteria; for this purpose it is given orally, 
since, by this route, it is very poorly ab- 
sorbed and the risks of toxicity are minimal. 
For the treatment of systemic infection, 
the recommended dose of kanamycin is 0.25 
to 0.5 gm. every four hours intramuscularly. 
The dose for children is 25 to 35 mg. per 
kilogram in four equally divided quantities 
per day. When this antibiotic is given 
orally, the suggested dose is 4 to 12 gm. 
per day. Intramuscular injection of the 
drug yields peak blood levels at one to two 
hours, the concentration varying with the 
quantity of agent administered. The half- 
life is approximately five hours. An average 
of 52% to 73% of the antibiotic is excreted 
in the urine in 24 hours; the larger the 
dose the smaller the percentage excreted. 
Kanamycin is secreted into the cerebro- 
spinal fluid, bone, and heart very poorly. 
The concentrations in the kidneys and 
muscle approximate those in the blood. 
Among the untoward effects of the paren- 
teral administration of kanamycin are pain 
at the site of injection, skin eruptions, dam- 
age to the eighth nerve, and nephrotoxicity. 
The latter two are the most important ; their 
incidence is related to total dose of the drug 
given. The risk is less with 25 mg. per 
kilogram than with 50 mg. per kilogram. 
With the administration of a total dose of 
more than 40 gm., the risk of eighth nerve 
damage with deafness is clear; it varies 
from 7% to 8% when the total quantity 
used is 30 to 75 gm., rises to 14% with 
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75 to 99 gm., and has been claimed to be 
100% when 100 gm. or more are injected. 
Most patients who receive kanamycin have 
cylindruria, and many have albuminuria. In 
about 14 of patients there is a decrease in 
glomerular filtration and in tubular func- 
tion; the larger the dose of drug, the 
greater the frequency and degree of func- 
tional loss. 

Vancomycin (Vancocin).—Vancomycin is 
a water-soluble antibiotic elaborated by 
Strep. orientalis. It is active mainly against 
the £-hemolytic streptococcus, Strep. fe- 
calis, D. pneumoniae, N. gonorrheae, C. 
diphtheriae, Cl. tetani, and Staphylococcus 
and ineffective against all Gram-negative 
rods, such as E. coli, A. aerogenes, Pseudo- 
monas, and Proteus, and the tubercle bacil- 
lus, yeasts, and fungi. The majority of 
strains of Staphylococcus are inhibited by 
a concentration of 2ug. per milliliter. Resis- 
tance to vancomycin develops in staphylo- 
cocci only to a very small degree, if at all. 

Vancomycin is not absorbed from the 
gastrointestinal tract and must be adminis- 
tered intravenously to produce the desired 
clinical effect. The usual parenteral dose is 
1 to 2 gm., divided into four equal parts 
per day. The administration of 500 mg. 
intravenously every six hours is recom- 
mended for the treatment of staphylococcal 
bacteremia. This is increased to 1 gm. every 
six hours in cases of endocarditis or menin- 
gitis due to S. pyogenes var. aureus. The 
usual period of therapy is two to four 
weeks. For children weighing between 20 
and 30 Ib., the dose is 250 mg. every eight 
hours, and for those who weigh 30 to 80 
Ib., it ranges from 250 to 500 mg. every 
eight hours. The drug is best disolved in 
distilled water, 20 ml. for 1 gm. for in- 
travenous administration. 

Pain at the site of intravenous injection 
of vancomycin relatively frequent. 
Thrombophlebitis is common, especially in 
children and adults with small veins. Skin 
eruptions, usually morbilliform in character, 
may result from sensitization to the drug. 
Most patients receiving vancomycin have a 


“cinstein 


large number of hyaline and granular casts 
and albumin in the urine. Although un- 
common, some degree of renal failure with 
increased serum urea nitrogen and creati- 
nine and PSP excretion may 
appear when large doses of vancomycin are 
administered for two or more weeks. 


decreased 


Ristocetin (Spontin).—Ristocetin is an 
antibiotic elaborated by Nocardia lurida. 
It contains two components, ristocetin A 
and ristocetin B, the latter being about three 
times more active than the former. The 
drug is bactericidal at the same level as it 
is bacteriostatic and is active against Gram- 
positive cocci including Staphylococcus, en- 
terococci, B-hemolytic streptococcus, Clostri- 
dia, D. pneumoniae, bovis, 
Listeria, and Mycobacteria including the 
tubercle bacillus. It is said to be especially 


Actinomyces 


effective against staphylococci resistant to 
a variety of other antibiotics. There is no 
cross resistance with erythromycin or peni- 
cillin. 

The main application of ristocetin at 
present is the treatment of staphylococcal 
infections produced by strains of organ- 
isms insensitive to the more commonly used 
antibiotics. It is not the drug of choice in 
the management of disease due to pneumo- 
cocci or B-hemolytic streptococci in which 
penicillin is the primary drug and erythro- 
mycin the choice in patients sensitized to 
penicillin. Infections produced by entero- 
cocci resistant to other antibiotics may re- 
spond to the administration of ristocetin, 
and the use of this agent should be con- 
sidered in instances of endocarditis due to 
this 
penicillin. The drug is of no value in the 


strains of organism insensitive to 
management of disease due to Gram-nega- 
coli, A. 


Proteus, and Pseudomonas. 


live bacilli, such as E. aerogenes, 

Ristocetin is not absorbed from the gas- 
trointestinal tract and requires intravenous 
or intramuscular injection when used to 
The 


serious infections is 50 mg. per kilogram 


treat systemic infections. dose for 


of body weight divided in two equal parts 
given at 12-hour intervals; for less serious 
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disease, the dose is reduced to 25 to 37 mg. 
per kilogram. The intravenous route yields 
the highest blood levels, but intramuscular 
administration of large doses produces 
satisfactory serum concentrations. The drug 
may be injected in one of two ways: (a) the 
required dose is dissolved in 100 to 150 ml. 
of 5% dextrose in water and injected intra- 
venously over a period of 30 to 45 minutes ; 
(b) 1 gm. is dissolved in 40 ml. of 5% 
dextrose in water and given over a period 
of not less than five minutes. 

Ristocetin is excreted largely in the urine. 
It does not penetrate the normal meninges, 
and cerebrospinal fluid levels are not pro- 
duced or are very low. The action of risto- 
cetin is enhanced in the presence of globulin. 

Thrombophlebitis occurs at the site of in- 
travenous injection of ristocetin. Skin erup- 
tions and fever have followed use of the 
drug. Rarely, depression of the white blood 
count with the development of neutropenia 
may occur. Thrombopenia, with and with- 
out bleeding into the skin and mucous mem- 
branes, has also been observed. Patients 
receiving ristocetin should have white blood 
counts carried out every other day. Smears 
of the blood should be studied carefully for 
the presence of an adequate number of 
neutrophils and thrombocytes; in question- 
able cases, it is important to determine the 
total number of platelets. 

Nystatin (Mycostatin).—Nystatin is elab- 
orated by Streptomyces noursei and has an 
empirical of CggHsgNis. It is 
a pale yellow substance, insoluble in fat 
solvents, highly soluble in methanol, and 
soluble to the extent of 10 to 20 units per 
milliliter in water. It is poorly absorbed 
from the gastrointestinal tract. High blood 
levels follow intravenous injection. This 
antimycotic agent is employed for local ap- 
plication in the form of ointments, solu- 
tions, powders, suppositories, and gels. 
Topical use in the treatment of Candida 
infections of the skin and vagina has been 
reported to be successful. 

The usual oral dose of nystatin is 150 
mg. (500,000 units) three times a day. Al- 
though an occasional case of disseminated 
10/490 
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mycotic infection has been treated paren- 
terally with nystatin with reported good 
results, the place of the agent in the therapy 
of deep-seated mycoses still remains to be 
determined. 

Amphotericin B (Fungazone ).—Ampho- 
tericin B is a fermentation product of an 
unidentified species of Streptomyces. It is of 
value in the therapy of cryptococcosis (toru- 
losis), histoplasmosis, blastomycosis, coc- 
cidiomycosis, and disseminated moniliasis. 
The drug is administered by the intravenous 
or intramuscular route. 


solved in 5% 


It should be dis- 
dextrose in water to a con- 
centration of 1 mg. per 10 ml. before use; 
saline should not be used, since it causes 
percipitation of the antibiotic. Solutions 
stored at room temperature for more than 
24 hours must be discarded. 


The initial intravenous dose of amphoteri- 


cin B is 0.25 mg. per kilogram of body 
weight. This should be increased by in- 
crements of 0.25 mg. per kilogram each 
day until 1.0 mg. per kilogram is being 
given. The infusion should be given slowly, 
the minimum duration being six hours. In- 
dividual the intravenous 
administration of the antibiotic varies con- 
siderably. 


tolerance to 


Increase of daily dosage above 
1 mg. per kilogram to a level not exceed- 
ing 1.5 mg. per kilogram is indicated under 
certain circumstances; this dosage may be 
given on alternate days provided no toxic 
manifestations occur. Increase in daily dose 
above 1 mg. per kilogram may not hasten 
the usually slow clinical response of deep- 
seated mycotic infections. It is dangerous 
to give intravenous daily doses in excess 
of 1.5 mg. per kilogram of body weight. 
When amphotericin is given intramuscu- 
larly, the dose is 20 mg. dissolved in 2 ml. 
of 5% dextrose in water; a local anesthetic 
is administered simultaneously. Intrathecal 
injection has been employed in some cases 
of mycotic meningitis; the dose is 0.5 to 
1 mg. of the drug dissolved in 5 ml. of 
water every 48 hours for several doses. 
The initial intravenous administration of 
amphotericin B is usually associated with a 
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febrile response often combined with 
chills. These reactions tend to diminish with 
each succeeding infusion and may _ be 
limited by prophylactic oral administration 
of antipyretic or antihistaminic agents. It 
is best to stop administration of the drug 
temporarily during a febrile reaction. Head- 
ache, nausea, and vomiting may occur early 
in treatment; the dose should be reduced 
when these symptoms appear to a quantity 
with which these manifestations do not 
appear. Increase in nonprotein nitrogen of 
the blood occur. The NPN should 
not be allowed to exceed 40 mg. per 100 
ml. In order to maintain normal levels or 
to reduce elevated ones to normal, the anti- 
biotic should be temporarily withheld or 
given on alternate days. Phlebitis may fol- 
low infusion of amphotericin. The inci- 
dence of this can be reduced by lowering 
the concentration of drug in the solution 
to less than 1.0 mg. per 10 ml. and decreas- 
ing the rate of flow and the gauge of the 
needle. Therapy must be stopped immedi- 
ately if any other toxic manifestations are 
observed. 

Nitrofurantoin (Furadantin).—Nitrofur- 
antoin (N-[{5-nitro-2-furfurylidene |-1-ami- 
nohydantoin) is an antibacterial agent of 
value primarily in the treatment of some 
types of urinary tract infection. It is 
poorly soluble in water. The drug is bac- 
teriostatic ; in high concentrations it is bac- 
tericidal. Nitrofurantoin is 


may 


most active 
against E. coli (bactericidal), of interme- 
diate effectiveness against A. aerogenes, and 
completely without effect against Ps. aeru- 
ginosa (Ps. pyocyanea). The activity of 
the drug against Proteus is variable, al- 
though many strains are very sensitive. 5. 
pyogenes var. aureus and enterococci are 
inhibited by low concentrations. 
Nitrofurantoin is administered orally, 
usually in a dose of 7 to 10 mg. per kilo- 
gram (100 to 200 mg. four times a day). 
Useful blood levels cannot be produced. The 
drug is excreted in the urine. Within four 
to six hours after a maximal! clinical dose, 
the concentration in the urine is 25 to 50 
mg. per 100 ml.; eight hours after a dose, 
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the levels are low. The estimated degree 
of antibacterial effect in the urine may at 
times exceed the apparent in vitro solubility 
at a given pH as predicted from solubility 
With highly 
alkaline urine, as is the case in Proteus 
infection, the inhibitory effect of nitrofur- 
antoin appears to be depressed; for this 
reason, the simultaneous administration of 
an acidifying agent has been suggested. The 
development of bacterial resistance to the 
drug has not been noted. 


curves in the same medium. 


The infections of the urinary tract which 
respond most favorably to therapy with 
nitrofurantoin are the acute and uncompli- 
cated ones. Infections produced by E. coli 
are the most easily eradicated by this agent. 
Those due to Ps. aeruginosa are totally un- 
affected, and infections caused by A. aero- 
genes occupy an intermediate position. Ps. 
aeruginosa may appear in the urine for the 
first time during a course of treatment with 
nitrofurantoin. Although the drug has been 
said to be most active against Proteus in- 


fection, the results are variable. Not in- 


frequently, this organism is only temporarily 
suppressed and reappears after cessation of 
therapy. 


Nitrofurantoin has been recommended 
for the treatment of some cases of systemic 
infection due to strains of S. pyogenes var. 
aureus and Gram-negative bacilli sensitive 
to this agent. The usual dose is 180 mg. 
dissolved in a liter of 5% dextrose in water 
given intravenously over a 4- to 6-hour 
period and repeated every 12 hours. Great 
caution must be exercised when the drug 
is given in this manner. It is particularly 
apt to produce severe acidosis which is 
difficult to correct in patients who have any 
degree of renal failure. Determination of 
plasma COz at least once a day is impera- 
tive in all persons who are being given 
this agent intravenously. If acidosis is de- 
tected treatment should be stopped immedi- 
ately, the acidosis repaired, and no further 
administration of nitrofurantoin allowed. It 
is safest not to expose any patient known 
to be acidotic to this drug. 
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Nitrofurantoin administered orally 
relatively nontoxic. Nausea, with or with- 
out vomiting, is the commonest untoward 
reaction. Various types of skin eruption 
may develop. 

Sulfamethoxypyridazine (Kynex, Medi- 
cel).—Sulfamethoxypyridazine (3-sufanil- 
amide-6-methoxypyridazine ) well ab- 
sorbed from the gastrointestinal tract and 
is excreted slowly in the urine. 


is 


It pene- 
trates the spinal fluid well and has anti- 
bacterial activity about equal to that of 
sulfadiazine. The administration of 3 gm. 
at one time produces a maximum blood level 
of 25 mg. per 100 ml. The drug may be 
demonstrable in the urine for as long as 
10 to 14 days after a single dose. About 
50% of the drug in the urine and 10% to 
15% of that in the blood is acetylated. A 
dose of 1 gm. every 48 hours produces a 
blood level of 5 to 12.5 mg. per 100 ml. 
Sulfamethoxypyridazine is most useful in 
instances in which prolonged therapy or 
prophylaxis are chronic 
treatment of urinary tract infections and 
the prevention of rheumatic fever recur- 
rence are two of the indications for the 
use of this agent. 


the objectives ; 


The quantity recom- 
mended for therapy is 1 gm. initially fol- 
lowed by 0.5 gm. every 24 hours. When 
higher blood levels are required, the dose 
may be increased to 2 gm. followed by 1 gm. 
once daily. A weekly dose of 30 mg. per 
kilogram of body weight has been suggested 
for prophylaxis against streptococcal infec- 
tions in rheumatic subjects. Blood levels 
should be determined if therapy is continued 
for more than one week. This is mandatory 
in patients with impaired renal function. 
Among the untoward effects which have 
been observed after the use of this sulfon- 
amide compound are nausea, vomiting, 
fever, skin eruptions, bone narrow depres- 
sion with granulopenia or thrombopenia or 
both, and toxic hepatitis. Attention should 
be paid to quantity of urine output, as 
pointed out above. 
Sulfamethoxypyrimadine (Madribon).— 
Sulfamethoxypyrimadine (2,4-dimethxy-6- 
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sulfanilamide-1,3-diazine) is another sul- 
fonamide which is rapidly absorbed and 
slowly excreted. After a single oral dose of 
1 gm. the peak level occurs at 4 hours, 
after 2 gm. at 8 hours, and after 4 gm. at 
12 hours. The half-life of the drug in the 
blood is approximately 34 to 38 hours. Peak 
level at four hours after ingestion of 1 gm. 
is about 6.5 mg. per 100 ml. of total and 
6.0 mg. per 100 ml. of free drug. With 
2 gm. the level of total sulfonamide in the 
blood is approximately 10 mg. per 100 ml. 
after four hours; with 4 gm. it is about 
15 mg. per 100 ml. after 12 hours. Sulfa- 
methoxypyrimadine is excreted slowly, a 
single dose being eliminated over a five-day 
period. About 75% of the agent is recover- 
able from the urine when this is collected 
up to 24 hours after administration of the 
last dose when multiple doses are admin- 
istered. About 15% to 25% of the drug is 
acetylated. About 80% of this sulfonamide 
is excreted in the urine as a highly soluble 
glucuronide rather than in the relatively 
insoluble acetylated form. The glucuronide 
is claimed to be even more soluble than the 
parent compound and to retain some degree 
of antibacterial activity. Sulfamethoxypy- 
rimadine diffuses relatively poorly into 
cerebrospinal fluid. 

Although this sulfonamide, like sulfa- 
methoxypyridazine, has been recommended 
for the therapy of acute infections due 
to sulfonamide-susceptible organisms, these 
“long-acting” sulfonamides have no advan- 
tages over the rapidly absorbed and ex- 
creted ones except the convenience associated 
with the fact that they need to be taken 
only once daily. This does not appear to 
be sufficient grounds to recommend them 
for the therapy of acute infections in place 
of such clinically well-tested agents as 
sulfadiazine or sulfisoxazole. It would ap- 
pear that their greatest area of usefulness 
is in situations where sulfonamide needs 
to be given for a long period of time as 
in control of chronic urinary tract infec- 
tions, for example, or for prophylaxis of 
streptococcal infections in rheumatic fever 
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subjects. They probably also have a place in 
the prevention of such diseases as bacillary 
dysentery and meningococcic meningitis. 

The recommended dosage schedules of 
sulfamethoxypyrimadine are (a) Adults: 
2 gm. initially followed by 1 gm. every 24 
hours; the same dose is employed for pa- 
tients weighing 80 Ib. or more; (>) chil- 
dren: for those weighing 20 Ib., the initial 
dose is 0.5 gm. and 0.25 gm. every 24 
hours ; for those who are 40 Ib., the priming 
quantity is 1 gm., and this is followed by 
0.5 gm. every 24 hours. The reactions ob- 
served with sulfamethoxypyrimadine are 
nausea, vomiting, and skin rashes. It must 
be stressed that this agent has the potential 
to produce any of the untoward effects 
noted with all of the other sulfonamides. 

Suijaethylthiadiazole (Sul-Span).—Sulfa- 
ethylthiadiazole is a rapidy absorbed and 
slowly excreted sulfonamide which func- 
tions on the “sustained-release” principle. 
The administration of 2 gm. of this agent 
to nonfasting patients produces the follow- 
ing blood levels: 4 to 8 mg. per 100 ml. 
after 4 hours, 1.7 to 7 mg. per 100 ml. 
after 12 hours, 0.7 to 2.6 mg. per 100 
ml, after 24 hours, and 0.5 to 1.5 mg. after 
36 hours. In the sustained-release liquid 
form blood levels average from 8 to 15 mg. 
per 100 ml. It is claimed that a sufficient 
amount of sulfaethylthiadiazole is released 
to produce therapeutic blood levels within 
2 hours and the remainder is released 
slowly and continuously so as to offset 
rapid renal excretion and maintain blood 
levels for 12 hours. The drug is soluble in 
the urine to the extent of 200 to 300 mg. 
per 100 ml. About 2% to 5% of the agent 
is in the acetylated form in the blood and 
less than 10% in the urine. 

The clinical applications for sulfaethyl- 
thiadiazole are the same as for sulfameth- 
oxypyridazine and sulfamethoxypyrimadine. 
The recommended dosage for adults and 
children weighing over 75 lb. is 2 gm. 
orally every 12 hours after a loading dose 
of 4 gm. For urinary tract infections, it 
is 2.5 gm. initially followed by 1.3 gm. 
every 12 hours, and for the prophylaxis of 
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susceptible infections 1.3 gm, initially is fol- 
lowed by 0.65 gm. every 12 hours. For 
patients weighing less than 75 Ib., the sug- 
gested quantity is 0.3 gm. per 25 Ib. of 
body weight every 12 hours, the initial dose 
being double the maintenance one. 

Among the untoward effects which have 
been observed after the use of sulfaethyl- 
thiadiazole are nausea, vomiting, skin reac- 
tions, and urinary frequency ; these occurred 
in 6% of one group of patients receiving 
this drug. Attention should be constantly 
focused on the possibility of the other re- 
actions which have been observed when 
other types of sulfonamide compounds have 
been employed. 


Combinations of Antimicrobial Agents 


With the advent of each new antimicro- 
bial agent, with the development of drug- 
resistant bacterial strains, and with the 
reports of enhanced in vitro antibacterial 
activity of combinations of antibacterial 
compounds, there has been a remarkable 
expansion in the number of different anti- 
biotics which are being put together in 
“fixed dose” The rapidity with 
which these are appearing and being rec- 
ommended for clinical use is startling. The 
readiness and enthusiasm with which many 
physicians have accepted the claims made 
for such mixtures and are using them in 
practice are remarkable because, with few 
exceptions, there is a striking lack of criti- 
cally evaluated and carefully controlled data 
in support of their use in the treatment 
of disease. 


forms. 


The field of combined antibiotic therapy 
is confused at the moment. Physicians are 
being bombarded on one side by claims of 
superior effectiveness of combinations and 
on the other by an increasing number of 
comments in the medical literature that they 
are of little or no value or even dangerous. 

The simultaneous administration of more 
than one antimicrobial agent has been sug- 
gested for seven purposes: (a) treatment 
of mixed bacterial infections; (b) reduc- 
tion of the “toxic” effects of antibiotics; 
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(c) reduction of the required dose of a drug 
or duration of therapy, or both; (d) re- 
moval of superficially located bacteria; (e) 
delay in the rate of emergence of bacterial 
resistance; (f) enhancement of therapeutic 
activity; (g) therapy of severe infectious 
processes in which the specific etiology has 
not been established. 

Treatment of Mixed Bacterial Infec- 
tions.—In bronchiectasis, peritonitis, and 
some cases of acute or chronic otitis media 
and urinary tract infection, two or more 
organisms are often involved. In some in- 
stances, the responsible bacteria, although 
of different species, are sensitive to a single 
antimicrobial agent, while in others they 
have distinctly different drug susceptibil- 
ities. This emphasizes the need for deter- 
mination of the drug-sensitivity of each of 
the components of a mixed flora individ- 
ually before therapy is initiated. The anti- 
biotics to be given ure selected on the basis 
of these studies and administered in full 
doses. In some cases it may be unnecessary 
and even dangerous to delay initiation of 
treatment until definitive bacteriologic data 
is available. 
example. 
negative 


Peritonitis is an outstanding 
Because both Gram-positive and 
organisms may be acting syner- 
gistically to produce this disease and be- 
cause delay in therapy may result in a 
rapidly fatal outcome, treatment should be 
started immediately with maximal quantities 
of the antibiotics known to be most effec- 
tive against these types of bacteria. Many 
clinicians prefer to give penicillin (5 to 10 
million units per day) together with strepto- 
mycin (1 to 2 gm. per day). In bronchiec- 
tasis and in chronic otitis media and urinary 
tract infections, except when acute exacerba- 
tions occur, therapy need not be initiated 
before diagnostic bacteriologic information 
becomes available because these infections 
have usually been present for such a long 
time that a delay of two or three days makes 
little or no difference in their outcome. 
Reduction of “Toxic” Effects of Anti- 
biotics —It has been suggested that, when 
certain antibiotics are combined in quan- 


14/494 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


tities smaller than those usually employed, 
the risk of untoward reactions is minimized 
without reducing the degree of antibacterial 
activity. Such claims have been made par- 
ticularly for mixtures of streptomycin and 
dihydrostreptomycin. The former injures 
the vestibular and the latter the cochlear 
portion of the auditory nerve. Combina- 
tions of equal amounts of the two drugs 
administered in a daily quantity equal to 
that of either antibiotic given alone have 
been reported to be less toxic than full 
doses of the single agents. More recent 
experience has indicated, however, that deaf- 
ness occurs considerably more commonly 
with the drug combination than with full 
therapeutic doses of streptomycin. 

Although there is no evidence that the 
incidence of hypersensitivity reactions to 
single drugs is increased by combining them 
with others, difficulty may arise as a re- 
sult of simultaneous sensitization to all of 
the compounds in a mixture. This may re- 
sult in serious difficulty if the organism 
responsible for the infection is susceptible 
only to the agents included in the combina- 
tion. Such a possibility is a strong argu- 
ment against the use of antibiotic mixtures 
except in instances in which they have been 
proved therapeutically superior to single 
agents. 

Superinfection, the appearance of bac- 
teriologic and clinical evidence of a new 
infection during the antibiotic therapy of a 
primary one, is a common and potentially 
very dangerous complication of antibiotic 
treatment. The more “broad” the antibac- 
terial activity of a single drug or combi- 
nation of agents, the greater is the possibilty 
that a single component of the normal 
microbial flora in the upper respiratory or 
intestinal tract will become predominant, 
invade, and produce disease. The largest 
number of superinfections are observed dur- 
ing the administration of “broad-spectrum” 
antibiotics and mixtures of these agents. 
This phenomenon is an important contra- 
indication to the use of drug combinations 
in any situation in which they are not nec- 
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essary. This is emphasized by the fact that 
many superinfections are due to organisms 
(Proteus, Staphylococcus, yeasts, fungi) 
which are often difficult or impossible to 
eradicate with the presently available chemo- 
therapeutic agents. 

Some antibiotics produce adverse meta- 
bolic effects. The administration of chlor- 
tetracycline (Aureomycin) to undernourished 
adults in a daily dose of 2.5 to 3.0 gm. 
orally, results in loss of body weight, in- 
crease in urinary excretion of nitrogen, 
negative nitrogen balance, and elevation of 
nonprotein nitrogen in the blood. Similar 
changes have been produced by oxytetra- 
cycline (2.5 to 3.0 gm. per day) and chlor- 
tetracycline (1 gm. per day). Increased 
urinary excretion of riboflavin, tryptophan, 
histidine, and threonine may follow the use 
of chlortetracycline. These observations 
raise the question whether other antimicro- 
bial agents may also produce deleterious 
metabolic effects. Although no data are 
available, the possibility that interference 
with normal metabolic processes may be 
intensified by the administration of two or 
more antibiotics at one time must be con- 
sidered. 

Reduction of Dose of Drug and Dura- 
tion of Therapy.—The simultaneous admin- 
istration of penicillin and streptomycin in 
subacute bacterial endocarditis due to an 
organism sensitive to both of these agents 
is said to permit the use of smaller doses 
of penicillin and allows reduction of the 
period of therapy from the usual four to 
two weeks. This type of therapy requires 
more confirmation, however, before it can 
be recommended for general adoption in 
the management of this disease. The ad- 
ministration of antibiotic combinations to 
reduce total dose of drug and duration of 
therapy has also been 
brucellosis. 


recommended in 
Whether this principle is ap- 
plicable in other infections is not known. 
Therapy for these purposes should be used 
with caution, however, since, as will be 
pointed out below, the level of antimicrobial 
activity of a mixture of antibiotics is often 
unpredictable and may, in fact, be lower 
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than that which obtains when a single drug 
is given in full therapeutic dose. 

Removal of Superficially Located Bacte- 
ria.—The use of antibiotic combinations has 
been recommended for treatment of super- 
ficial infections, as of the skin, for example, 
especially when these are due to more than 
one species of bacteria. On this basis, mix- 
tures of neomycin, polymixin, and bacitracin 
have been applied topically because these 
agents possess a low level of sensitizing 
capacity. Some dermatologists have pointed 
out the lack of evidence in support of such 
therapy, however. Clinical study has dem- 
onstrated that the vast majority of super- 
ficial infections respond adequately to the 
use of single antibiotics; this applies even 
to localized staphylococcal infections. 

The area of superficial “infection” in 
which combined therapy appears to be su- 
perior to single agents is the intestinal tract. 
The degree of reduction in the number 
of organisms in the bowel flora is greater 
with a combination of neomycin and poly- 
mixin administered orally than when either 
is given alone. The same is true for poly- 
mixin and streptomycin. 

Delay in Rate of Emergence of Bacterial 
Resistance.—In vitro studies have demon- 
strated that when an organism is exposed 
to two antibiotics at the same time, the de- 
velopment of resistance to each drug is 
appreciably delayed but not completely in- 
hibited; this is true only when sensitivity 
to both agents is present. The same phe- 
nomenon is observed, to a limited degree, 
with sulfonamide-antibiotic combinations. 

Clinical investigations have indicated that 
delay of emergence of antibiotic resistance 
is produced by combinations of antimicrobial 
drugs in some types of infection but not 
in all. Thus, it is now well established that 
the concomitant administration of two or 
more drugs suppresses strikingly the devel- 
opment of resistance in the tubercle bacillus. 
Tuberculosis is best treated, therefore, with 
at least two and in some instances (miliary 
tuberculosis and tuberculous meningitis) 
with three tuberculostatic agents simultane- 
ously. The same appears to be true in 
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Hemophilus influenzae meningitis in which 
it has been shown that the injection of 
streptomycin together with the exhibition 
of sulfonamide eliminates the appearance 
of streptomycin resistance in the organism. 

It is the present practice to treat all sys- 
temic staphylococcal infections with more 
than one antibiotic; chloramphenicol and 
erythromycin constitute the most commonly 
used combination. The need for this type 
of therapy has recently been questioned, 
however, because evidence that S. pyogenes 
var. aureus becomes drug-resistant in vivo 
is difficult to substantiate. In “closed” in- 
fections, endocarditis, for example, the ad- 
ministration of a single potent antibiotic 
rarely leads to the appearance of insensi- 
tive staphylococci. In “open’’ infections, 
such as wounds or pneumonia, on the other 
hand, resistance appears to develop. It has 
been postulated that this is not due to a 
change in the organism responsible for the 
infection initially but results from the in- 
troduction of a new drug-insensitive strain 
from the patient’s environment. In accord- 
ance with this concept, some physicians are 
now treating staphylococcal infections with 
a single effective drug. It must be pointed 
out, however, that until it has been defi- 
nitely proved that combined chemotherapy 
is not necessary for certain types of 
staphylococcal infection, it is best to use 
more than one antibiotic in the treatment 
of all forms of this disease. Clinical ex- 
perience suggests that when this is done, 
the appearance of resistant strains is a rela- 
tively uncommon problem. Combinations of 
drugs may be effective in preventing the 
implantation of new strains or eradicating 
them if they have managed to gain a foot- 
hold. When more than one drug is admin- 
istered, the infecting organism must be 
sensitive to both agents. 

Enhancement of Antibacterial Activity in 
Treatment of Specific Infections —Increase 
in antibacterial activity and clinical effec- 
tiveness results from the application of 
antibiotic combinations in some but not all 
instances. In many, a lack of enhancement 
of or even decrease in therapeutic efficiency 
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is observed when combinations of drugs 
are employed. The degree of antibacterial 
activity of the blood of patients given an 
antibiotic mixture may be no greater or may 
even be less than that which results from 
the use of the most potent single drug in it. 

A. Infections in Which Combined Anti- 
biotics Are Superior to Single Agents: 
The outstanding example of the superior- 
ity of combined chemotherapy over treat- 
ment with one antibiotic is tuberculosis. 
When streptomycin alone is used for the 
therapy of fibrocavernous pulmonary tuber- 
culosis, the results are not very good. The 
same is true when the other common 
tuberculostatic agents—isonicotinic acid, hy- 
drazide acid, and paraaminobenzoic acid— 
are given alone. On _ the other hand, 
combinations of any two of these drugs 
have proved highly curative in this type 
of disease. Even more striking is the high 
degree of effectiveness of combined treat- 
ment in miliary tuberculosis and in tuber- 
culous meningitis. The use of streptomycin 
alone in meningeal infection produces a 
survival rate of less than 30% in patients 
followed for a sufficiently long period ; with 
simultaneous administration of all three 
tuberculostatic agents this is increased to 
about 85%. The prognosis of miliary tu- 
berculosis is also markedly improved by 
combined tuberculostatic therapy. 

Although the writer does not recommend 
combined antibiotic treatment in subacute 
bacterial endocarditis as a routine pro- 
cedure, some cases require this kind of 
therapy. This is so when the causative 
agent is a Group D streptococcus or en- 
terococcus, because these organisms, while 
resistant to streptomycin or penicillin alone, 
are highly sensitive when exposed simul- 
taneously to both drugs. 

Brucellosis appears to respond best when 
treated with tetracycline plus streptomycin 
for three weeks. Duration of therapy is 
important, however. The administration of 
oxytetracycline (Terramycin) for six weeks 
produces the lowest relapse rate. 

It is my opinion that influenzal and pneu- 
mococecal meningitis are best treated with 
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combined chemotherapy; streptomycin plus 
a sulfonamide for the former and_peni- 
cillin together with a sulfonamide for the 
latter. This requires the intrathecal intro- 
duction of the antibiotic. One intraspinal 
injection of streptomycin is given in in- 
fluenzal and three of penicillin (at 12-hour 
intervals) in pneumococcal infections of the 
meninges. With this therapy, the fatality 
rate for the latter disease has been ap- 
proximately 9% over the past 10 years. 
Eighty cases of H. influenzae meningitis 
have been treated with intrathecal and in- 
tramuscular streptomycin plus sulfadiazine 
or sulfisoxazole without a single death or 
complication. In most clinics the preferred 
treatment for H. influenzae meningitis is 
chloramphenicol plus sulfadiazine and for 
pneumococcal meningitis, penicillin, 1 mil- 


lion units intramuscularly every two hours, 
without intrathecal administration. 


The best therapeutic results in infections 


due to Klebsiella pneumoniae (Friedlander 
bacillus) are thought to follow the use of 
combinations of antimicrobial agents. Large 


doses of chloramphenicol plus streptomycin, 
or a combination of chlortetracycline, oxy- 
tetracycline, and chloramphenicol have been 


used. Most important is the early recogni- 


tion of this type of disease and the rapid 
institution of therapy. 

B. Infections in Which Certain 'Combi- 
nations of Antibiotics Are Inferior to Single 
Agents: The addition of a “broad-spectrum” 
antibiotic to penicillin in the treatment of 
pneumococcal meningitis yields a_ thera- 
peutic result distinctly inferior to that which 
follows the administration of penicillin 
alone. In one study, the fatality rate in 
patients receiving only penicillin was 21% ; 
of those given penicillin plus chlortetra- 
cycline, 79% died. A comparison of the 
treatment of H. influenzae meningitis with 
chlortetracycline alone and with this agent 
plus streptomycin and sulfisoxazole (Gan- 
trisin) has revealed that the fever declines 
at a slower rate and the number of cells 
in the cerebrospinal fluid remains at high 
levels for a longer period of time with 
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combined therapy. A deleterious effect on 
the course of scarlet fever has been noted 
when a combination of penicillin (250,000 
units orally every 8 hours) and chlortetra- 
cycline (0.5 gm. by mouth every 12 hours) 
has been used. Although there was no 
difference in the clinical response, the speed 
and magnitude of return of streptococci 
after stopping treatment was greatest with 
chlortetracycline, least with penicillin, and 
intermediate with the combination of these 
agents. These observations suggest that 
chlortetracycline antagonizes the bactericidal 
effect of penicillin. 

C. Antibacterial Activity of Serum After 
Administration of Single and Combined 
Antibiotics: A valid experimental approach 
to the study of the in vivo activity of anti- 
biotic combinations versus single agents is 
the determination of the antibacterial capac- 
ity of the blood of patients receiving the 
drugs. The procedure is as follows: Per- 
sons are given antibiotic A, and their serum 
is obtained at specific intervals after medi- 
cation. The same is done, after a suitable 
rest period, with antibiotic B and then with 
the combination of A and B. The patient 
serves as his own control, and the data 
obtained indicate whether an additive, syn- 
ergistic, depressed, or intermediate effect is 
produced when the drugs are combined. 

A series of studies making use of the 
technique described above has been reported. 
These are of the greatest clinical importance 
because they have dealt with “fixed dose” 
combinations, the form in which com- 
mercially prepared antibiotic mixtures are 
available to the practicing physician. The 
following results have been obtained: Com- 
binations of penicillin and oleandomycin, 
of penicillin V and tetracycline, and of 
erythromycin or spiromycin or oleandomy- 
cin with tetracycline yield degrees of anti- 
bacterial activity intermediate to those which 
follow the administration of the component 
single drugs. When penicillin is given to- 
gether with chloramphenicol no decrease or 
increase in bacterial inhibition is noted. The 
unpredictability of the degree of antimicro- 
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bial activity is striking. This feature alone 
makes it difficult to make any generalizations 
concerning “fixed dose” antibotic combina- 
tions except that, as a rule, they are not as 
good as the most effective agent which they 
contain. 

In addition to their decreased antibacterial 
effectiveness, “fixed dose’? combinations of 
antibiotics have another serious drawback. 
They do not allow the physician to choose 
the dose of agent which may be most de- 
sirable. Thus, in order to give an adequate 
quantity of one of the drugs in a mixture 
he may have to administer a potentially dan- 
gerous excess of the other. For example, 
if one desires to treat a patient with a 
large dose of penicillin and elects to do this 
by the use of a “fixed dose” penicillin-strep- 
tomycin combination, he will be exposing 
the patient to an excess of streptomycin and 


increasing the risk of damage to the audi- 
tory nerve; this is especially serious if the 


mixture contains dihydrostreptomycin. 
The present views “fixed 
dose” antibiotic combinations have been best 


concerning 


expressed by Finland: 
Combinations encourage the use of 
treatment, since there is an inevitable tendency to 


inadequate 


use the same total dose of the combination as of 
the single agent, and this does not provide the 
expected effective dose of either, particularly of 
the inferior drug. They provide a false sense of 
security as offering a wider coverage or broad 
spectrum of activity when in fact they provide a 
narrower effective coverage by substituting less 
active agents and smaller amounts of individual 
agents than if antibiotics were chosen individually 
each for its own purpose and given in the proper 
dose for that purpose. They reduce the therapeutic 
effectiveness that might be expected from proper 
dosage of individual agents or from the proper 
selection of combinations of agents according to 
specific requirements, particularly when care is 
taken to choose only agents that may be expected 
to be the most active against the causative organ- 
ism. 

Therapy of Severe Infections in Which 
Specific Etiology is Unknown.—The com- 
monest use of antibiotic combinations is for 
the treatment of infections the etiology of 
which is not immediately apparent. The 
physician with a patient whom he suspects 
of having bacterial infection often decides 
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that chemotherapy is necessary. Because the 
exact cause cannot be immediately deter- 
mined, more than one agent is given in the 
hope that this will “cover” the situation: 
“fixed dose’ mixtures are very often used 
for this purpose. In not a small number of 
cases, the infectious process is due to some 
virus and the application of any antimicro- 
bial agent is not indicated. 

In some instances, the administration of 
antibiotic combinations results in a broad- 
ening of antibacterial activity. Recent un- 
published observations indicate that such an 
effect can indeed be produced by the use of 
two drugs. This has been proved for com- 
binations of penicillin and streptomycin and 
of erythromycin and sulfisoxazole. It must 
be emphasized, however, that this phenom- 
enon has followed the use of full therapeutic 
doses of each drug. The data which have 
been obtained do not apply to “fixed dose” 
preparations because these have not been 
studied. If “full dose” combinations are to 
be given in the absence of a specific bac- 
teriologic diagnosis, the physician must de- 
cide, on the basis of the clinical features 
of the disease, a detailed history, and labo- 
ratory investigations, including examination 
of stained preparations, if possible, not only 
that a patient has a bacterial infection but 
also the type of organism which is most 
Under no circum- 
stances must chemotherapy be initiated until 
all of the necessary bacteriologic investiga- 


likely to be involved. 


tions have been started: cultures take only 
a few minutes and cause no significant delay 
in starting treatment. 

It has been my practice to give penicillin 
plus streptomycin, in full doses, in instances 
in which the clinical features of a disease 
are highly suggestive of a bacterial infection 
but in which the specific etiology is not 
immediately definable. When the possibility 
of staphylococcal invasion is suspected, full 
therapeutic quantities of erythromycin plus 
chloramphenicol are administered. In the 
management of purulent meningitis in which 
the bacteriologic etiology is obscure, every 


effort is made to arrive at a presumptive 
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diagnosis by considering the age of the pa- 
tient, the nature of the prodromal manifes- 
tations, the character of the onset of the 
illness, and the focus from which the menin- 
geal infection arose. With such information, 
it is very frequently possible to arrive at an 
adequate etiologic diagnosis, to initiate treat- 
ment with no more than two antibiotics 
simultaneously, and to avoid the administra- 
tion of three or four antibiotics at one time, 
a commonly used but deplorable chemothera- 
peutic maneuver. It must be stressed that 
the initiation of an antibiotic program 
should not commit the physician to its con- 
tinuance if specific data indicating the ne- 
cessity of a change become available. If 
bacteriologic studies and sensitivity tests in- 
dicate that some drug other than those being 
used is more effective, this should be given 
promptly, especially if the clinical response 
has not been optimal. Every effort should 
be made to treat patients with single anti- 
microbial agents in maximal therapeutic 
doses. No one has yet devised a combination 
of antibiotics, regardless of the number of 
agents included, that will cure all infections: 
there probably will never be such a panacea. 


Combination of y-Globulin with 
Antimicrobial Agents in 
Treatment of 
Infection 


The prophylactic effectiveness of y-glob- 
ulin in measles, viral hepatitis (ITH virus), 
and hypo- or agammaglobulinemia has been 
well documented by long experience. This 
derivative of human plasma may also be use- 
ful in promoting recovery from established 
bacterial infection when given together with 
antimicrobial agents. In cases of disease due 
to bacterial invasion in children and adults 
which fail to respond despite treatment with 
adequate quantities of antibiotics to which 
the responsible organism were susceptible, 
the intramuscular injection of y-globulin 
may produce a noticeable improvement and 
eventual cure. The beneficial effects do not 
appear to be due to the globulin alone. Ab- 
normalities in globulin content of the plasma 


Weinstein 


or lack of bactericidal capacity of the serum 
are usually not detectable. The suggested 
doses of globulin is 10 to 20 ml. given intra- 
muscularly three times a week; in children, 
it is 0.6 to 0.8 ml. per kilogram of body 
weight. This type of therapy is well worth 
keeping in mind for application in disease 
which fails to improve with antibiotic alone 
given for an adequate period of time. The 
exact mechanism by which the y-globulin 
functions to alter the course of infection is 
not known at present. 


Chemoprophylaxis 


The situations in which the use of anti- 
microbial agents are of value for the preven- 
tion of infection and those in which they are 
without benefit are gradually being clarified. 
It is now clear that chemoprophylaxis is 
successful and should be employed in 
streptococcal infections (penicillin or sul- 
fonamide), rheumatic fever recurrences 
(penicillin or sulfonamide 


latest recom- 
mendation recommends lifetime use), me- 
ningococcal meningitis (sulfonamide), 
bacillary dysentery (sulfonamide or chlor- 
amphenicol), gonorrhea (penicillin), surgi- 
cal procedures in persons with valvular heart 
disease (penicillin, tetracycline, or erythro- 
mycin), surgery in tuberculosis (commonly 
used tuberculostatic agents), and mucovisci- 
dosis (tetracycline). 

Kqually as significant as definition of the 
areas in which chemoprophylaxis is effective 
have been the efforts to delineate the situa- 
tions in which attempts to prevent infection 
by the application of antibacterial agents are 
fruitless and even potentially dangerous. 
This represents an important “advance” in 
the field of chemotherapy because the clin- 
ical use of such information protects pa- 
tients against the possibility of harm from 
drugs which cannot benefit them and 
decreases the “indiscriminate” use of anti- 
biotics. It is presently evident that chemo- 
prophylaxis is without value in elective 
surgery, uncomplicated obstetrics, viral in- 
fections of the upper respiratory tract, 
“virus” pneumonia, measles, mumps, chick- 
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enpox, smallpox, influenza, poliomyelitis, 
tracheotomy, burns, coma, heart failure, and 
cerebrovascular accidents. Very disappoint- 
ing is the fact that it is not possible to 
prevent infection of the urinary tract in 
patients subjected to prolonged catheteriza- 
tion of the bladder (Foley or other type of 
retention catheter) regardless of the type or 
number of antimicrobial drugs employed. 
The vast majority of persons treated in this 
fashion eventually develop infection of the 
urinary tract ranging in severity from 
cystitis to severe acute pyelonephritis. This 
is the case even when tidal drainage is 
employed. Although the danger is less after 
single catheterizations, there is still some risk 
of bacterial invasion which is difficult to 
eliminate by chemoprophylaxis. The best 
way to prevent urinary tract infection is to 
avoid, if at all possible, the insertion of a 
catheter or other instrument in the urinary 
bladder. 


Complications of Chemotherapy 


Complications follow the use of all of the 
chemotherapeutic agents. They are steadily 
increasing in frequency and are the result 
of direct toxic effects, hypersensitization, 
or other types of biologic activity of the 
drugs. The reasons for the increased inci- 
dence of these reactions are mainly three: 
(1) increase in the number of antimicrobial 
agents, each of which may produce such 
effects; (2) increase in the number of per- 
sons treated, so that even with a constant 
incidence, the total number of reactions has 
risen, and (3) repeated administration of 
single or multiple agents so that increasing 
numbers of people are conditioned to de- 
velop various manifestations of hypersensi- 
tivity when exposed to these drugs. 

The list of the undesirable effects attrib- 
utable to antimicrobial agents is long and 
varied and involves most of the organ sys- 
tems. Not all the complicatons have been 
observed with each of the drugs, and some 
have been noted with only one of them. For 
purposes of convenience these reactions are 
classified in relation to organ systems and 
are presented in the following columns, 
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I. Cutaneous Manifestations—Mostly due to hy- 
persensitivity. Occur with all drugs; 2.5% to 5% 
with penicillin. Most with procaine salt. Lowest 
(less than 1%) with oral route. 

1. Morbilliform rashes, commonest 
2. Scarlatiniform, urticarial, vesicular, or bul- 
lous eruptions 
3. Purpura, with or without thrombopenia— 
penicillin, streptomycin, novobiocin, chlor- 
amphenicol, tetracycline 
Erythema multiforme 
Erythema nodosum 
Exfoliative dermatitis 
Inflammatory reactions at sites of injection 


IT, Oral Lesions.—Thirty-three different ones de- 
scribed. Noted with all antibiotics. Commonest with 
“broad-spectrum” drugs. 

1. Dryness, burning, soreness, and itching of 
mouth and tongue 
Vesicular stomatitis 
Acute glossitis 
Angular stomatitis (cheilosis) 
Black or brown tongue 


~ 


Other Manifestations of Hypersensitivity — 


1. Fever 

2. Contact dermatitis, in nurses and pharma- 
cists handling antibiotics, especially strepto- 
mycin or penicillin 

3. Angioneurotic edema 

4. Serum-sickness reaction identical with that 
after injection of heterologous serum 

5. Arthus reaction 

6. Acute anphylactic shock—rare, commonest 


with penicillin, but also occurs with strepto- 
mycin, dihydrostreptomycin, chlorampheni- 
col, and tetracycline 
7. ? Polyarteritis nodosa—after serum-sick- 
ness reaction 
8. ? Disseminated lupus erythematosus—after 
serum-sickness reaction 
IV. Gastrointestinal and Hepatic Complications. 
Commonest with broad-spectrum antibiotics. 
1. Nausea} may occur with any antimicrobial 
z. Vomiting § agent taken orally 
3. Diarrhea due to irritation or transformation 
of bowel flora 
4. Staphylococcus pyogenes var. aureus enteri- 
tis 


own 


“Pseudomembranous” colitis—not due to 

S. pyogenes var, aureus 

6. Stomatitis and pharyngitis due to Candida 
( Monilia) 

7. Jaundice and hepatitis (sulfanilamide) 

8. Liver damage (tetracyclines intravenously 
in quantities larger than 2 gm. per day) 

9. Proctitis 

10. Pruritus ani 

11. Steatorrhea 
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Urinary Tract Complications. — 


1. Hematuria and crystalluria (sulfonamides) 

2. Lower nephron nephrosis (sulfonamides) 

3. Obstruction to urine flow (sulfonamides) 

4. Albuminuria and cylindruria (streptomycin 
in acid urine) 

5. Nephrotoxicity with renal failure (bacitra- 


cin, polymyxin, neomycin, kanamycin, ? 

vancomycin) 

VI. Nervous System Complications — 

1. Injury to peripheral nerves by direct in- 
jection of antibiotic solution 

Peripheral neuritis (broad-spectrum anti- 

biotics ) 

3. Parasthesias (streptomycin, polymyxin) 

4. Damage to eighth nerve (streptomycin, 
dihydrostreptomycin, neomycin, kanamycin, 
vancomycin ) 

5. Encephalitis (some sulfonamides) 

6. Encephalopathy due to excessive intrathecal 
doses of penicillin or streptomycin 
VII. Complications in Blood and Blood-Forming 
Organs.— 


1. Acute hemolytic anemia (sulfonamides) 


2. Eosinophilia—sensitization to any of the 
antibiotics 
3. Thrombopenia (chloramphenicol, streptomy- 


cin, ? novobiocin, ristocetin) 
4. Granulopenia (chloramphenicol, tetracycline, 
ristocetin) 


Aplastic anemia (chloramphenicol, sulfona- 
mides ) 


VIII. Miscellaneous Complications.— 


1. Negative nitrogen balance (chlortetracy- 
cline) 

2. Increased riboflavin excretion (chlortetracy- 
cline) 

3. Electrolyte disturbances (streptomycin) 


4. Herxheimer reaction (penicillin in syphilis) 
5. Pulmonary embolism (accidental  intra- 
venous injection of solutions in oil or of 
insoluble salt of antibiotics) 
6. Phlebitis or thrombophlebitis (intravenous 
injection of erythromycin, 
vancomycin, ristocetin, kanamycin) 
Changes in bacterial flora of body (all anti- 
hiotics) 


tetracyclines, 


“NI 


8. Sudden death after intrapleural or intra- 
peritoneal injection of neomycin 

9. Acidosis (intravenously-administered nitro- 
furantoin—probably only in patients with 
renal failure) 

10. “Gray” syndrome in neonates 

phenicol ) 

IX. Superinfections—These occur with all che- 
motherapeutic agents. They are due to invasion by 
normally present organisms or by those acquired 
by contact with other patient or attendants, or 
they may result from the accidental introduction 
of bacteria during injection of drug; in all in- 


(chloram- 
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stances, the new infections are produced by strains 
of organisms insensitive to the antibiotic being 
administered at the time they first appear. In- 
fections due to Candida (Monilia) may also occur 
during chemotherapy ; they may involve the mouth, 
pharynx, or lung, or they may become generalized, 
when they may be fatal. 

Superinfections occur in about 2% of patients 
who receive a chemotherapeutic agent. The organs 
involved in the secondary infection are most fre- 
quently the same as those affected in the primary 
disease. The organisms responsible for superin- 
fections are often difficult to treat with the 
presently available antibacterial drugs. The factors 
which predispose to the development of superin- 
fection are (1) age of three years or less, (2) 
primary disease of the lower respiratory tract, 
(3) infection of the middle ear, and (4) the use 
of a drug or combination of antibiotic agents which 
tend to have a “broad’ antibacterial effect; the 
“wider” the antimicrobial “spectrum,” the greater 
ig» the danger of secondary bacterial invasion. 
‘Superinfections appear most frequently on the 
fourth or fifth day after initiation of chemotherapy 
and may convert a benign, self-limited disease into 
a serious, prolonged, or even fatal one. It is 
essential to carry out frequent bacteriologic studies, 
whenever possible, to determine changes in bac- 
terial flora that may subsequently be responsible 
for a secondary infection. The administration of 
an antibiotic active against the predominating 
organism and its elimination before it is responsible 
for infection may prevent the appearance of a 
complicating disease. 

X. Development of Resistance by Some Bacteria 
to Any of the Chemotherapeutic Drugs. 

None of the available antibacterial substances is 
free of the potentialities of producing trouble. 
With some, like the sulfonamides, the risk of de- 
velopment of serious reactions is great; with 
others, like penicillin, it is relatively small in com- 
parison to the 
Two types of 


beneficial effects of the agent. 
reaction common to all the 
chemotherapeutic agents: (1) the development of 
hypersensitivity and (2) the production of super- 
infections by resistant organisms. 

The fact that harmful effects may follow the 
use of these drugs should not discourage the physi- 
cian from applying them in situations where they 
are definitely indicated. It should, however, make 
him hesitant to employ them in cases where indi- 
cations for their use are entirely absent or at most 
only slightly suggestive. Moreover, the appearance 
of reactions during the course of treatment does 
not always make the cessation of therapy manda- 
tory, especially if the drug used happens to be the 
only effective one available for the purpose re- 
quired. The severity and type of the reactions, 
their expected course, and the possibility of in- 
fluencing them by proper management must all be 


are 
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weighed against the importance of the infection 
under treatment. 


Diseases in Which Effectiveness of 
Chemotherapy Has Been 
Decreasing 


Two types of bacterial infection still pose 
difficult problems in management and, as a 
matter of fact, represent areas in which the 
degree of success in treatment has been de- 
creasing over the past few years. These 
are staphylococcic disease and the infections 
produced by Gram-negative bacteria. The 
difficulties associated with the treatment of 
systemic staphylococcic infection are too well 
known to require more than mention. There 
is no question that the fatality rates of the 
serious disorders produced by this organism 
are again approaching the experience of the 
preantibiotic era in a number of clinics 
throughout the world. This is in great part 
related to the increasing number of patients 
invaded by strains resistant to the commonly 
available antimicrobial agents and is the pri- 
mary motivation behind the search for new 
antibiotics capable of inhibiting the growth 
of this organism. Occasional strains are iso- 
lated which are totally insensitive to all of 
the ‘“‘new” and the “old” drugs. 

An increasing number of infections due 
to Gram-negative bacilli such as E. coli, 
A. aerogenes, Proteus, and Pseudomonas 
are being observed. This may be related in 
many instances to exposure to antimicrobial 
therapy and the development of superinfec- 
tion due to these organisms. Whether this 
type of disease appears de novo or as a re- 
sult of therapeutic manipulation is of less 
importance than the fact that it is becoming 
progressively more difficult to treat success- 
fully. The problem here is the same as with 
staphylococcic disease, that is, an increasing 
number of strains of these bacteria are not 
inhibited by the presently available drugs. 
This, plus the fact that this type of infection 
occurs most frequently in very young or 
elderly patients, in those with chronic dis- 
ease, such as leukemia, lymphoma, agranu- 
locytosis, or aplastic anemia, and in persons 
receiving therapy which tends to lower “re- 
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sistance” to infection (steroids, antileukemic 
agents, for example) make the treatment 
very difficult and, in not a small number of 
instances, impossible. An outstanding ex- 
ample of this problem is chronic urinary 
tract infection. It is now common experi- 
ence to find cases of this kind of disease 
in which the causative agent is completely 
resistant to all antibiotics, and therapy with 
such “old-fashioned” measures as acidifica- 
tion of the urine, methenamine, and the sul- 
fonamides must be undertaken. The fact 
that only about 10% of chronic urinary tract 
infections can be cured serves to emphasize 
the magnitude of the present chemothera-’ 
peutic difficulties. 


Concluding Remarks 

This paper is an attempt to review brief- 
ly some of the recently developed informa- 
tion in the field of the chemotherapy of 
infection. It is obvious that a great many 
new problems have been created by the avail- 
ability of a group of potent agents and that 
not all of the old ones have been solved. 
It should be very clear that every new de- 
velopment has not necessarily resulted in 
an improvement in the management of the 
infectious diseases and that the appearance 
of a new drug has not always led to an 
“advance” in the effectiveness of treatment. 
The most important accomplishments in this 
field have come from the proper evaluation 
of drugs over a sufficient period of time 
so that all of their properties have been 
determined under controlled conditions. This 
kind of information puts the physician in a 
position to understand and appreciate best 
all of the problems associated with the use 
of antibiotics. The significant “advances” in 
this field have and will continue to come 
not only from the production of more and 
more new drugs but from sufficiently broad 
experimentation and clinical use to charac- 
terize all of the antimicrobial agents, “new” 
and “old,” so completely that they can be 
applied with the greatest possibility of pro- 
ducing benefit and the smallest risk of 
causing harm. 
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Toxic Hazards During DDT- and BHC-Spraying of 


Forests Against Lymantria Monacha 


We have studied the exposure of men to 
insecticides used in forest-spraying opera- 
tions. Technical aspects, such as geographic 
relief, local climatic factors, peculiarities of 
the flora, equipment, and methods employed, 
influence the exposures received by the op- 
erational personnel. 


Technical Aspects of 
Insecticide Spraying 

During the past two years our studies 
have been done in two coniferous forests 
severely infected by Lymantria monacha. 
This species belongs to the indigenous fauna 
of these forests. The unusually cold winters 
killed many tachinids and hymenopterans, 
which are the natural enemies of the Ly- 
mantria, disrupting the normal ecologic 
balance. The rainy hot summers have fur- 
thered multiplication of Lymantria, whose 
caterpillars have great destructive power. 
One caterpillar may devour 1,000 to 1,500 
pine needles, and a number of them may 
eat the leaves of a whole tree. An organized 
fight against the Lymantria caterpillar was 
begun by identifying it as the invading 
species. The infested zones were delimited, 
and adequate methods of control 
planned. 


were 


The infested forests were dense growths 
of fir trees situated in deep valleys and 
basins in the mountains. This geographical 
relief imposed the use of combined ground 
and air methods of spraying. Abrupt slopes 
and deep narrow valleys prevented air 
spraying and required spraying by ground 
crews. Mountain tops and larger valleys 
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and basins were sprayed from the air. 
Methods capable of dispersing insecticides 
over a great area were required. The desired 
concentration of insecticides used was about 
50 kg. of active agent per hectare.* The 
insecticides used were Gesaktive dust, con- 
taining 5% DDT and 1% y-isomer BHC 
(benzene hexachloride); Multanin solution, 
containing 15% DDT and 50% y-isomer 
BHC; Combiaerosol F solution, containing 
20% DDT and 3% y-isomer BHC. 

These insecticides were applied as an 
aerosol cloud by one of several methods. 
The Swingfog apparatus weighs 20 kg. and 
is carried by a single exterminator. The 
S-811 apparatus, carried by a tractor, pro- 
duces a 200-meter fog column. The S-612 
apparatus, also used on the ground, pro- 
duces a 50-meter insecticide dust column. 
It could be pulled by horses. 

The Swingfog was used where mech- 
anized equipment could not proceed. In 
some places footpaths were cut through 
the forest. Teams of four men, each carry- 
ing a Swingfog apparatus, worked from 
narrow pathways spraying the forest on 
either side, up and down the mountain 
sides. Two men attended the horses which 
carried the containers of benzine (gasoline) 
and Multanin solution. 

Each S-612 apparatus was pulled by a 
horse. Each team for the S-612’s consisted 
of four guides, four exterminators, and two 
attendants for the horses, plus six horses, 
two of which were for transporting bulk 
insecticides, 

The S-811 unit which distributes Combi- 
aerosol was operated by a tractor driver and 
an applicator. The use of teams was insisted 


*One hectare — about 214 acres. 
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Fig. 1—A team of exterminators manipulating 
the Swingfog apparatus. 


upon to provide mutual aid in case of acci- 
dents. The spraying periods required 30 
days. The spraying was considered to be 
90% to 95% efficient in eliminating Ly- 
mantria. All instructed in 
safety measures and provided with spec- 


the men were 


tacles, masks, and protective clothing. 

The General Problems of Spraying.—The 
general problems were concerned with the 
men manipulating the equipment. Pollution 
of the air, soil, or natural water basins was 
considered to be insignificant so far as toxic 


exposures of men or animals was concerned 
because of dilution factors. The first hour 
after a rain, rivers draining the forest basin 
which had been sprayed had concentrations 
of 10p¢g. to 30ug. BHC per liter, Deter- 
minations made at the same locations from 
12 to 24 hours after the rains began were 


negative for BHC. 

The fish fauna of the rivers have not been 
influenced. The noise of the apparatus, the 
presence of men, and the smell of the in- 
secticides chased the deer, wild boar, and 
birds away. These animals and birds were 
seen to return in from two to three days 
after the operation of spraying. 

It was necessary to remove cattle and 
beehives away from the areas treated by 
insecticides. From the entomological point 
of view, the biological equilibrium of the 
ecology is disturbed and constitutes a com- 
plex problem. At present the ecologic prob- 
lem is being investigated but will require 
long-term observations. 
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Fig. 2—Insecticide fog produced by the Swing- 
fog apparatus. 

Medical Problems of Spraying.—The men 
were exposed to inclement weather, trau- 
matic and physical hazards, and to toxic 
hazards during the spraying routines. The 
personnel were recruited from among 
foresters. These people are physically resili- 
ent and have good ingenuity. These qualities 
play an important role in the maintenance 
of health under these trying conditions of 
living in the forests and mountains. 

Besides the physical exertion necessary 
to supply aircraft with insecticide dust and 
to manipulate groundborne equipment, fall- 
ing horses and men contributed to physical 
accidents, These operations sometimes 
caused contamination of clothing and skin. 

The toxic risks have been estimated on 
the basis of the professiogram, the concen- 
tration of BHC and DDT in the air, and 
by inspiratory and dermal exposures. The 
professiogram lists the principle sites of 
work and type of work of each man, which 
can be related to the environmental expos- 
ure data. 

An airplane must be loaded with 800 kg. 
of insecticide in three minutes. When the 
climatic conditions are favorable, these op- 
erations produce great toxic exposures. The 
whole work day corresponds to the toxic 
exposure. The length of the working day 
depends upon climatic conditions favorable 
to spraying. Stormy weather often stopped 
work. The mean minute volume of respira- 
tion of personnel of 17 L per minute was 
used as the basis for the eight-hour ex- 
posures in the following tables. 
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BHC * 


Type of - 
Location of Sampling 


Min. 


Apparatus Max. 


Swingfog 


In forest, at breathing zone 
of exterminators 
8-612 In forest, at breathing zone 
of exterminators 


In forest, at breathing zone 


of exterminators 12.5 8.1 


Airplane In storage before labor 6.3 4.1 5.6 
In storage during work 53.7 41.2 48.4 
During loading of airplane 39.8 32.3 36.7 


* Concentrations are given in milligrams per cubic meter of air. 


TABLE 1.—Concentrations in Air of BHC and DDT Inspiratory Exposure During the 
Action of Exterminating Lymantria Monacha * 


Mean N 


Inspiratory Exposure t 


Mean N 


— 


BHC DDT Total 


4 22.4 18.9 20.5 4 on os 
8 170.9 147.5 159.7 8 5.59 20.9 26.49 
8 131.4 122.1 125.3 8 4.2 14.99 19.19 


+ Inspiratory exposure is given as milligrams per kilogram per eight hours. 


Air Concentrations.;—Forty-three sam- 
ples of air collected in the breathing zone 
of the exterminators have been analyzed. 
The data (Table 1) shows that during the 
manipulating of the apparatus, the most 
intensive air pollution is produced by S-811. 
The total value of insecticides was 28.4 mg. 
per cubic meter; BHC, 8.1 mg. per cubic 
meter; DDT, 20.3 mg. per cubic meter. 
During the loading of the airplane, the total 
value of the air pollution was 162 mg. per 
cubic meter; BHC, 36.6 mg. per cubic 
meter, and DDT, 125.3 mg. per cubic meter. 


+ The determination of DDT is based on the 
following principle: the DDT absorbed from air 
is nitrated with a mixture of NOsNa + SO,Hae. 
The nitrated compound is extracted with ethyl 
ether. After evaporation of the ether, the residue 
is treated with ethyl alcohol. Colorimetration of 
the color obtained in alcoholic KOH 0.1 N. 

The determination of BHC is based on the 
following principle: hydrolysis of BHC with an 
alcoholic solution of KOH 0.1 N. Nephelmetric 
determination of the chlorine resulted through the 
hydrolysis. 


TABLE 2.—Dermal Exposure to 


Location 
of Pads 


Skin Surfaces 
Not Covered 


Location 


Shoulder 
Forearm 
Front of neck 


Face 
Hands 
V of chest 


8-612 


Body Area, 
Sq. Cm. 


Skin exposure (BHC+DDT)=32.3 mg. per kilogram per eight hours. 


Wassermann et al. 


The exterminators who manipulated the 
apparatus had a respiratory exposure of 
BHC plus DDT which varied between 3.36 
mg. per kilogram per eight hours for the 
S-811 to 0.91 mg. per kilogram per eight 
hours for S-612 apparatus.{ At the airport 
the respiratory exposure was very high, 
19.19 mg. per kilogram per eight hours dur- 
ing airplane loading and was 26.49 mg. per 
kilogram per eight hours during the work 
in storage operations. 

Dermal exposures § (Table 2) are the 
values for exterminators who manipulated 
the S-612. During an eight-hour day, their 
dermal exposure was 32.3 mg. per kilogram 
per eight hours. In the storage operations, 


t Respiratory exposure is the quantity of toxic 
substance per kilogram of body weight which a 
subject of 70 kg, may inhale during an eight-hour 
day. 

§ Dermal exposure is the quantity of toxic 
agent per kilogram of body weight which is 
deposited on the bare skin of a subject of 70 kg. 
during an eight-hour day. 


BHC and DDT During Action of Destroying Lymantria Monacha 


Pad Recovery 
Mg/Sq. Cm/Hr. 


_ 


BHC DDT 


Total Cale. Exposure, 
Me/Kg/8 Hr. 


DDT 


BHC 


647 0.06 0.17 38.82 109.9 
804 0.03 0.10 24.12 80.4 
148 0.05 0.15 7.40 22.2 


94 47 61 8 167 83 129 8 O71 164 2.35 Ts 
35 26 32 55 46 8 035 0.56 0.91 

8-811 
ee 7 25.5 15.2 20.3 7 0.93 2.43 3.36 fa 

ay 

7 

| ie 
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Fig. 3—A team of exterminators manipulating 
the S-612 apparatus. 


the air pollution being very high, dermal 
exposure was practically incalculable. 

Clinical Observations of Toxic and Trau- 
matic Events——Traumatic accidents were 
associated during the first few days with 
horses loaded with benzine or insecticide 
containers falling down. In some cases men 
were pulled down by a falling horse. 
Both men and horse became contaminated 
by the insecticide solutions. The new experi- 
ences on narrow trails, the noise of the 
machines, and the effect of inhalation by 
the horses of the toxic atmosphere may 
have contributed to these accidents. General- 
ly these men exhibited erythemas, blisters, 
abrasions, ulcerations, and other traumatic 
injuries. These events ceased in from one 
to three weeks. 


Workers using motor-dusting apparatus 
developed dermatitis, a furfuraceous des- 


quamation, and 


gastrointestinal disturb- 
ances. Some workers complained of asthenia, 
loss of appetite, and gastrointestinal disturb- 
ances. The men also experienced conjunc- 
tival, respiratory, and gastrointestinal 
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Fig. 4.—Dispersion of insecticide dust by air- 
craft. 


mucosa irritation. The latter findings were 
seen particularly among airport workers and 
the workers who were operating Swingfog 
apparatus. The urine of the airport workers 
contained 2 to 4 mg. per liter of benzene 
hexachloride. In the majority of these cases 
phenomena disappeared in from three to 
four weeks after the end of the spraying 
operations. 


Comment 


It was most interesting how very high the 
toxic exposures proved to be wherever the 
insecticides were handled. The ground ac- 
tivities created inspiratory exposures of 
BHC and DDT of from 0.91 to 3.36 mg. 
per kilogram per eight hours. 

These values are two to five times greater 
than those found by Wassermann et al. for 
inspiratory exposures of men combating 
Anopheline mosquitoes * or by Burkatskaia 
during agricultural insect eradication.2 The 
accidents with the horses may well have 
resulted from toxic effects. These accidents 
could be prevented by respiratory protection 
of the animals. Manipulation of bulk quanti- 
ties of insecticides during storage and load- 
ing airplanes could be mechanized so as to 
reduce the high degree of air pollution. By 
analysis of the accidents and clinical man- 
ifestations of toxic exposures it may be 
possible to reduce these incidents as well. 
Close cooperation between technical man- 
agers and the physicians should begin prior 
to beginning the spraying operations. 
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Greater attention must be paid to protec- 
tive equipment to prevent respiratory ex- 
posures. Hayes * and Batchelor ' have shown 
that exterminator personnel may take pre- 
cautions necessary to prevent gross con- 
tamination of the skin and clothing by 
insecticides, yet remain nearly indifferent 
to dermal and respiratory exposure to an 
invisible insecticide aerosol. It must be men- 
tioned that in our case it was not uncom- 
mon for the workers to ignore detailed 
safety instructions and remove their masks 
during spraying operations because of dis- 
pnea ascribed to climbing and labor in the 
mountains. 

Prophylactic Measures——To prevent in- 
toxication during insecticide-spraying oper- 
ations certain measures should be applied, as 
follows: 1. The personnel should be selected 
from among strong healthy men who are 
accustomed to life in the forests and moun- 
tains (foresters or mountain peasants). 2. 
A preemployment medical examination and 
periodical medical examinations should pay 
particular attention to the central nervous 
system signs and symptoms, the hemogram, 
and cardiorespiratory and liver function; 
when organophosphorus insecticides are 
used, cholinesterase determinations should 
be done. 3. All personnel should be in- 
formed about the toxic risks to which they 
are being exposed; they must understand 
the protective measures they must use. 4. 
Every exterminating team should have a 
first-aid kit. 5. The worker’s food should be 
rich in carbohydrates and proteins and poor 
in lipoids; as a protective measure they 
should receive B complex and vitamin C. 
6. In countries where insecticide spray is 
applied, the Agricultural Department should 
give the physicians all the information about 
the characteristics of action of all the in- 
secticides which will be used. 


Summary 


A study was made of the medical prob- 
lems arising from the use of ground and 
aircraft application of BHC (y-isomer of 
benzene hexachloride) and DDT insecticide 


Wassermann et al. 


aerosols. Warm and cold aerosol generators 
were used, 


The concentrations of insecticides (BHC 
+ DDT) in air (Table 1) determined a 
respiratory exposure of 0.91 to 3.36 mg. 
per kilogram per eight hours. During storage 
and loading of airplanes the respiratory ex- 
posures were from 19 to 26 mg. per kilo- 
gram per eight hours. The dermal exposure 
(BHC + DDT) during the manipulation 
of S-612 was 32 mg. per kilogram per eight 
hours. 

The spraying operation lasted about 30 
days and had a technical efficiency of 90% 
to 95%. The men who have been under our 
observation were recruited among foresters, 
people physically strong and of good in- 
genuity. 

No lethal or acute intoxications have been 
recorded. During the first days of the ac- 
tion accidents 
were caused by the falling of horses loaded 
with benzine or insecticide containers. 


some toxic and traumatic 


In 


‘some cases men falling resulted in skin 


pollution, simultaneous erythema, abrasions, 
ulcerations, and other traumatic injuries. 
Troubles clinically consisting of conjunc- 
tival, respiratory, and gastrointestinal mu- 
cosa irritation were observed especially 
among the airport workers and the extermi- 
nators operating the Swingfog apparatus. 
In the urine of the workers of the airport 
from 2 to 4 mg. per liter of BHC was 


found. 

Exterminators working with mobile dust- 
ing apparatus developed dermatitis with fur- 
furaceous desquamations and conjunctival 
irritations. Some workers have complained 
of asthenia, anorexia, and gastrointestinal 
disturbances. In the majority of cases these 
phenomena have disappeared in three to 
four weeks after the spraying was finished. 

Dr. J. W. 
gestions. 


Hayes offered criticism and sug- 


Institute of Hygiene R.P.R., Filiale of lassy, 
Division of Hygiene, St. Dr. Victor 
14. 
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Occupational Exposures as Etiologic Factors in Heart 


Disease 
A Brief Review 


LEONARD J. GOLDWATER, M.D., New York 


The epidemiologic concept of disease is 
based on inter-relationships between host, 
agent, and environment.’ For purposes of 
the present paper the host is an employed 
person, the environment is the place of 
work, and the agent is a potentially harmful 
influence found in or related to the place of 
work. Predisposing causes of disease may 
be found in the host and environment; the 
agent is a direct etiologic factor. The prin- 
cipal classes of disease agents are biological 
(living), physical, and chemical. Any or all 
of these may be found in man’s working 
environment and many are potentially harm- 
ful, but only a limited number can be con- 
sidered etiologic factors in heart disease. 
The questions of trauma, physical exertion, 
and emotional stress arising in the occupa- 
tional environment and causing heart dis- 
ease will not be considered in this review. 

A complete diagnosis of heart disease 
includes etiological, anatomical, and physio- 
logical components.? The presence of heart 
disease may be diagnosed when and only 
when there is evidence of a structural le- 
sion or of abnormal cardiac function or of 
both.? Physiological disturbances in heart 
action due to abnormalities elsewhere in the 
body are included in the criteria outlined 
above. Thus etiologic (agent) factors in 

Received for publication Sept. 8, 1959. 
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the occupational environment may act direct- 
ly or indirectly in causing heart disease. 


Historical Notes 
Oc- 
1914, 


heart 


Gilman Thompson's textbook, The 
cupational Diseases,? published in 
contains the following remarks on 
diseases : 

The conditions of the heart which are brought 
about by occupation are mainly as follows: 

(1) Tachycardia, from fatigue or toxic agents 

inhaled or otherwise entering the system; 

(2) Bradycardia, from toxic agents ; 

(3) Cardiac 


poisons ; 


syncope, from acute or chronic 


(4) Cardiac hypertrophy, accompanying arterio- 
sclerosis and resulting from long-continued 
physical strain, as in heavy lifting, or from 
toxic agents, particularly the metals, such 
as lead. 

Details as to which poisons or toxic agents 
may cause disturbances in cardiac function 
are not given. 

One of the earliest articles dealing with 
heart disease as an industrial problem was 
written by Paul White,‘ in 1921. He stated, 
“there is not, so far as | know, any in- 
dustrial heart disease.’ This view appears 
to have been shared by N. C. Gilbert, who 
wrote, in 1925, “so far as I know, also, 
there is no industry which could cause 
morbid changes in a normal heart.” ® 

The cumulative index of the Journal of 
Industrial Hygiene and Toxicology, cover- 
ing the period 1936-1945, contains refer- 
ences to heart injury caused by three 
physical agents—electricity, heat, and low 
atmospheric pressure—and three chemical 
agents—silica, lead, and benzene. It is pos- 
sible, of course, that mention of cardiac 
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TasLe 1.—Physical Agents of Disease * 


* Abnormalities of air pressure 
* Abnormalities of temperature 
* Humidity 
Light (visible, ultraviolet, infrared) 
Noise 
* Electricity 
* Ionizing radiations 
Repeated motion, pressure, and vibration 


* Those marked with an asterisk have been implicated in 
heart disease. 


damage may have been made in case reports 
of various poisonings, but these are not in- 
dexed and hence can be located only with 
great difficulty. On the other hand, von 
Oettingen ® has listed well over 100 chemicals 
that can cause circulatory failure and gives 
sizeable lists of materials that can cause 
other cardiac disturbances. These lists in- 
clude medicinal as well as industrial chem- 
icals and many of the items are of little 
more than academic interest. From sources 
mentioned above and from others as well, 
an attempt has been made to summarize the 
data which are of practical interest to physi- 
cians. 
Physical Agents 

A simple list of physical agents that may 
be encountered as occupational hazards is 
given in Table 1. Those which have been 
associated with heart disease are marked 
with an asterisk. 

Electric S hoc k.—Disturbances in the 
rhythm of the heart have been observed in 
experimental animals and in man as a result 
of electric shock. The arrhythmias may 
vary from premature systoles to ventricular 
fibrillation.” It is generally believed that the 
latter is at least one factor responsible for 
sudden death in the case of electric shock, 
although, according to Wehrmacher,’ it has 
never been conclusively demonstrated in 
man. Voltages of less than 220 are said to 
cause death by ventricular fibrillation, while 
higher voltages are believed to produce re- 
spiratory paralysis.* Actually it is the cur- 
rent passing through the body rather than 
the voltage which is the important factor. 
For shock duration of a fraction of a second, 
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there appears to be little difference in the 
effects of direct and alternating current. 
For shocks of one second duration or longer, 
alternating current is more likely than direct 
current to produce ventricular fibrillation.® 

Abnormalities of Atmospheric Pressure.— 
In a very detailed account of physiological 
affects of abnormal atmospheric pressure, 
by Specht," little or no mention is made of 
injury to the heart. Theoretically one might 
expect gas emboli to occur in the capillaries 
of various parts of the heart, as elsewhere, 
but apparently this has never been actually 
observed. According to one source,’ how- 
ever, symptoms due to cardiac failure may 
be seen as a manifestation of caisson disease. 

Heat and Humidity.—FExtremes of heat 
and humidity are not known to cause any 
structural changes in the heart, but they can 
produce marked disturbances in cardiac 
function. The effects of hot, humid environ- 
ment have been extensively studied by 
Burch, who has recently summarized his 
most significant findings.'’ It has been 
shown by Burch and others that a hot, humid 
environment increases the work of the heart 
and also the cardiac output. As a result, 
subjects with diminished cardiac reserve 


may actually go into congestive failure and 
those already in failure will experience in- 
tensification of symptoms. There is evidence 
that similar difficulties may be encountered 
under conditions of high temperature and 
low relative humidity.” 


Ionizing Radiations—According to 
linger," the heart is one of the most radio- 
resistant organs in the body. A single dose 
of 1,000 r has been established as the 
threshold dose for the production of anatom- 
ical lesions in the rat’s heart. Ellinger cited 
a number of references to observations in 
humans and experimental animals, indicating 
that ionizing radiations can produce such 
anatomical changes in the myocardium as 
fatty, hyaline, amyloid, or Zenker’s (waxy) 
degeneration. The same author also men- 
tions such functional disturbances as extra- 
systoles, acute cardiac insufficiency, heart 
block, and auricular fibrillation, as well as 
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TaBLe 2.—Occupational Infections * 


OCCUPATIONAL EXPOSURES IN HEART DISEASE 


Anthrax Tetanus 
Erysipeloid * Tularemia 
Glanders * Undulant fever 
Fungous infections Weil's disease 
Psittacosis * Septic infections 


* Those marked with an asterisk may involve the heart. 


a variety of electrocardiographic changes 
resulting from exposure to ionizing radia- 
tion. 


Occupational Infections 


A perusal of standard reference text- 
books on occupational diseases reveals a 
striking lack of unanimity as to the infec- 
tious diseases which are considered occupa- 
tional in origin. For certain occupational 
groups, such as hospital personnel, a great 
variety of diseases caused by living agents 
may be considered occupational. Syphilis 
and diphtheria are common examples of 
infections which can cause damage to the 
heart and which_on occasion might be con- 
tracted as a result of occupational exposure. 
In common practice, only a limited number 
of infectious diseases are considered to be 
primarily occupational in origin. These are 
listed in Table 2. 

Direct involvement of the heart by oc- 
cupational infections is not common. When 
it occurs it is likely to be in the form of an 
endocarditis, either ulcerative or vegetative. 
Any acute infection can affect the heart 
indirectly as a result of the accompanying 
fever which in turn produces an increase in 
cardiac output. 


TABLE 3.—Chemical Agents Capable of Causing 
Cardiac Abnormalities * 


No. 
Cardiae Disturbance Agents 
Tachycardia 46 
Bradycardia 25 
Extra systoles 4 
Auricular fibrillation 7 
Ventricular fibrillation y 
M yocardial degeneration 29 
Valvular injury 2 
Coronary thrombosis 2 


* According to von Oettingen.* 


Goldwater 


Chemical Agents 


In his comprehensive book on poisoning,® 
von Oettingen devotes a chapter to toxic 
agents that may affect the circulatory ap- 
paratus. A summary of cardiac abnormalities 
and the number of chemical agents which 
may cause disturbances, according to von 
Oettingen, is given in Table 3. 

Many of the compounds listed by von 
Oettingen fall into the category of drugs 
or pharmaceutical agents, any of which may 
exist as occupational health hazards in the 
chemical industries. A full discussion of all 
of these compounds is beyond the scope of 
this review, but some of those of particular 
interest to the industrial toxicologist are 
listed in Table 4. 

Selection of chemicals for inclusion in 
Table 4 has been purely arbitrary. Many 
substances mentioned by von Oettingen and 
other authors were omitted because of dif- 


TaBLe 4.—Chemicals Which Are Reported to 
Act on the Heart 


Material Alleged Action on Heart 

Acetaldehyde Tachycardia 

Aniline Degeneration due to hypoxia 

Antimony Myocarditis & degeneration 

Arsenic Hyaline & fatty degeneration 

Arsine Myocardial degeneration 

Barium Bradycardia, hyaline, & fatty degenera- 
tion 

Benzene Ventricular fibrillation 

Cadmium Myocardial degeneration conduction 
disturbances 


Carbon disulfide 
Carbon monoxide 


Not specified 

Bradycardia, auricular fibrillation, myo- 
cardial degeneration, & others 

Fatty degeneration, ventricular fibril- 
lation, arrhythmias 


Carbon tetrachloride 


Cesium Arrhyti:mias 

Chlorine M yocardial infarction, mitral stenosis 

Chloroform Myocardial degeneration, ventricular 
fibrillation 

Decaborane Dysrhythmia (animal experiments) 

Dinitrobenzene Tachycardia 

Dinitrocresol Tachycardia 

Dinitrophenol Tachycardia 

Ethylene oxide Bradycardia 


Ethyl nitrite Tachycardia 


Fluoroacetate Auricular fibrillation 

Hydrogen sulfide Bradycardia, myocardial degeneration 
Lead M yocardial degeneration 

Mercury M yocardial degeneration 

Methanol Myocardial degeneration 

Phosphorus Myocardial degeneration 

Tetraethyl lead Bradycardia, myocardial degeneration 
Trichlorethylene Ventricular fibrillation, cardiac arrest, 


arrhythmias 
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TaBLe 5.—Dusts Which Cause Pulmonary Fibrosis 


Asbestos Diatomite 
Bauxite Mica 
Beryllium Silica (free) 
Coal Tale 


ficulty in locating adequate substantiating 
documentation. Inclusion in Table 4 does 
not necessarily mean that conclusive evi- 
dence exists that the respective materials 
can cause the reported abnormality. (It is 
hoped that these statements will be heeded 
by anyone who may choose to quote from 
this review. ) 


Dusts 


It is well known that hypertension in the 
pulmonary circulation can lead to hyper- 
trophy of the right ventricle and auricle, 1.e., 
cor pulmonale. Fibrotic changes in the lungs 
caused by certain dusts results in pulmonary 
hypertension thus bringing dusts into etio- 
logic relationship with heart disease. The 
varieties of dust which have been associated 
with pulmonary fibrosis are shown in 
Table 5. 

There is substantial evidence that as- 
bestos,** beryllium,?*  coal,** silica, and 
talc *'** may produce pulmonary damage 
leading to cor pulmonale. It is not unlikely 
that other fibrosing pneumoconioses may 
have similar effects.** 


Comment 


A complete review of all occupational 
exposures which have been alleged or proven 
to affect the heart would result in a mono- 
graph several hundred pages in length. The 
word “alleged” has been used here and in 
Table 4 very advisedly. Many reports of 
the effects of physical and particularly chem- 
ical agents on the heart relate to minor 
electrocardiographic changes which may or 
may not have been caused by the exposure. 

The literature in occupational medicine, 
as well as in other medical specialties, is 
replete with uncontrolled reports attributing 
causal relationship of real or fancied obser- 
vations to occupational exposure. All too 
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often the mere mention of a possibility is 
quoted as an established fact. Seeking out 
original sources and evaluating their validity 
is a task which very few authors are willing 
to undertake. 

In the introductory remarks the criteria 
for the diagnosis of heart disease as promul- 
gated by the New York Heart Association 
were cited.? The opening sentence of their 
widely accepted publication says, “Diseases 
of the heart are here considered to include 
not only the structural changes found in the 
heart, pericardium and adjacent arterial 
structures but also such disturbances of the 
functions of the heart as are manifested by 
arrhythmia, by its ability to perform its 
function as a pump and by its tendency to 
give rise to abnormal sensations.”” Sinus 
tachycardia (a heart rate of more than 100 
per minute) is listed as an arrhythmia. Un- 
qualified acceptance of this broad definition 
of heart disease might lead to unintended 
and even absurd conclusions, particularly in 


relation to workmen’s compensation claims. 


Summary and Conclusions 
Abnormalities of cardiac structure or 
function can be caused by a number of 
biological, physical, and chemical agents 
which may be found in the occupational 
environment. Cardiac death due to ventric- 
ular fibrillation may be caused by electric 
shock and by certain organic compounds. 
Cor pulmonale resulting from the inhalation 
of industrial dusts is the most frequently 
observed anatomical lesion of the heart re- 
sulting from occupational exposures. Many 
reported cardiac disturbances attributed to 
an occupational exposure represent isolated 

observations of questionable validity. 


School of Public Health and Administrative 
Medicine, Columbia University. 
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The Subacute Oral Toxicity to the Rat of Certain 


Polydimethylsiloxanes 


W. E. MacDONALD, M.S.; G. E. LANIER, D.V.M., and W. B. DEICHMANN, Ph.D., Miami, Fla. 


Silicones are noted for their versatility 
of use. This is partly because they appear 
in many different physical forms, such as 
One 
of the best known of these products is poly- 
dimethylsiloxane, a fluid having the for- 
mula [(CH,)2SiO],. Viscosity is directly 
related to the value of x. 


fluids, resins, greases, and rubbers. 


Compounds of 
this type are finding increasing applications 
in the food industry for the purpose of 
eliminating foam or for providing “non- 
stick” food containers and 
cooking kettles. Because they come in con- 


surfaces for 


tact with food their oral toxicity is impor- 
tant. Preliminary toxicological studies 1? 
have indicated that these materials have a 
relatively low order of toxicity. 

The purpose of this investigation was to 
determine the subacute oral toxicity to the 
rat of several polydimethylsiloxanes. Those 
selected covered a range of viscosity (25 C) 
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From the Department of Pharmacology, Uni- 
versity of Miami School of Medicine, 


from 50 to 60,000 centistokes (cs.) as fol- 
lows: 


50 cs.* 
350 es. 
Til. 1,000 cs. 
IV. 10,000 cs. 

V. 60,000 cs. 


Experimental Methods 


Weanling rats of the Holtzman variety of the 
Sprague-Dawley strain were used in this study. 
They were divided into five experimental groups 
of 20 animals each (10 males and 10 females) and 
a sixth group of 40 control rats (20 males and 
20 females). They were housed five animals to 
the cage. 

Experimental Group I was fed ground Purina 
Laboratory Chow containing 1.0% by weight of 
the polydimethylsiloxane having a_ viscosity of 
50 cs. Each of the other fluids was mixed in the 
same concentration with the basic diet and fed 
to a similar group of 20 animals. The control rats 
were fed the basic diet. All of the diets 
supplemented by 1.0% cod liver oil. 

Food consumption records were kept for each 
group of five animals. Individual body weights 
were determined at the start of the experiment 


were 


*The materials were furnished by the Dow 
Corning Corporation, Midland, Mich. 


TABLE 1.—Consumption of Food and Silicone over a Period of 90 Days * 


Viscosity (25 C) of Com- 
pound Ingested, Cs. 


Group No. 
50 

350 

1,000 

10,000 


60,000 


Control 


Mean Wt. of Food 
Consumed/ Rat/ Day, 
Gm. 


Mean Wt. of Silicone 
Consumed/ Rat/Day, 


18.3 
18.0 
19.2 


* There were 20 rats in each experimental! group but 40 rats in the control group. 
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4 
of is 
Sex Mg. ie 
at M 183 
F 180 
4 M 192 
ie F 18.0 180 
: M 19.0 190 a 
F 18.2 182 
M 19.0 190 
F 17.5 175 
Vv M 18.0 180 
F 17.7 177 
VI M 19.1 
F 17.3 
4 


TOXICITY OF POLYDIMETHYLSILOXANES 


TABLE 2.—Effect of Feeding of Silicones on Changes in Body Weight * 


Mean Body Wt., Gm. 


Total 
Group Viscosity (25 C) of After After Gain, 
No. Compound Ingested, Cs, Sex Control 45 Days 90 Days Gm. 


50 73.2 245.7 


F 63.9 173.4 217.8 14 


II 350 M 71.6 243.1 343.1 272 
F 66.1 180.3 249.8 184 

Ill 1,000 M 70.5 245.5 357.9 287 
F 68.0 163.3 217.8 150 

IV 10,000 M 71.9 249.5 363.2 291 
F 68.8 170.1 218.4 150 

Vv 60,000 M 73.2 246.0 370.6 279 
F 65.3 177.4 223.3 158 

VI Control M 69.5 253.9 374.7 305 


* There were 20 rats in each experimental group and 40 rats in the control group. 


TaBLe 3.—Effect of Feeding of Silicones on the Total White Blood Cell Count * 


Mean Total White Blood Cell Counts, 
Thousands/per Cu. Mm. 


Group Viscosity (25 C) of After After 
No. Compound Ingested, Cs. Sex Control 45 Days 90 Days 


50 


13.7 16.4 
F 16.6 14.8 13.5 


II 350 M 14.3 17.7 15.4 
F 17.1 17.0 12.9 

lil 1,000 M 16.4 18.4 18.2 
F 16.4 15.8 12.0 

IV 10,000 M 15.1 17.1 15.2 
F 15.9 15.3 10.5 

v 60,000 M 13.2 15.9 15.2 
F - 15.5 14.9 13.9 

VI Control M 13.4 17.9 19.6 
F 14.5 15.7 16.1 


* Counts were conducted on five males and five females per group. 


TaBLe 4.—Effect of Feeding of Silicones on Neutrophils * 


Neutrophils/100 Cells 


Group Viscosity (25 C) of After After 
No. Compound Ingested, Cs. Sex Control 45 Days 9 Days 


50 
350 
1,000 
10,000 
60,000 


Control 


* Counts were conducted on five males and five females per group. 
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of Silicones on Lymphocytes * 


TABLE 5.—Effect 


Group 
No. 


Viscosity (25 C) of 
Compound Ingested, Cs. 


50 

350 
1,000 
10,000 
60,000 


Control 


Lymphocytes/100 Cells 


After 
45 Days 


After 


Control 90 Days 


87 


* Counts were conducted on five males and five females per group. 


and at 45 and 90 days thereafter. Hematological 
examinations, consisting of hemoglobin and micro- 
hematocrit determinations and total and differential 
white blood cell counts, were performed on half 
of the males and half of the females of each 
group. Tail blood was used. These blood studies 
were conducted at the start and on the 45th and 
90th days. 

After 90 days, all animals were killed and ex- 
amined for gross pathological changes. Organ 
weights were determined of heart, lungs, liver, 
spleen, kidneys, and testes. Micropathological ex- 
amination was performed on tissues of half of 
the males and half of the females selected at 
random from each group. The tissues examined 
included heart, lungs, liver, spleen, kidneys, testes 
or ovaries, uterus, aorta, stomach, and small and 
large intestines. 


Observations and Comment 


One male of Group V (60,000 cs.) died 
after 73 days, exhibiting signs of an acute 


TABLE 6.—Effects of Feeding of Silicones on Hematocrit Values * 


Group 
No. 


Viscosity (25 C) of 
Compound Ingested, Cs. 


50 


350 


10,000 
60,000 


Control 
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respiratory infection. All other rats ap- 
peared well and were killed after 90 days. 

There were only insignificant differences in 
the consumption of food and silicones be- 
tween the control and experimental animals 
(Table 1). Nearly all experimental rats 
gained less than the control rats, but the 
differences in weight were not statistically 
significant (Table 2). There were no sig- 
nificant differences in the total and differen- 
tial leukocyte counts of the control and 
experimental groups (Tables 3, 4, and 5). 
Hematocrit (Table 6) and hemoglobin 
(Table 7) values also remained within nor- 
mal experimental limits. 

Gross Pathology.—All rats were exam- 
ined for gross pathological changes. The 
results were negative except for pneumo- 
nitis and consolidation with the formation 


Mean Hematocrit Values, Vol. % 


After 
90 Days 


After 
45 Days 


- 


Control 


* All hematological studies were carried out on the same five males and the same five females of each group. 
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43.8 48.2 49.8 


Viscosity (25 C) of 
Compound Ingested, Cs. 


I 50 
II 350 
Ill 1,000 
IV 10,000 
Vv 60,000 
VI Control 


of caseous-centered abscesses in the lungs 
of many of the animals of all groups. In 
some of the animals, the livers, including 
those of the controls, showed fatty changes. 
None of the organ weights of the animals 
fed the five experimental compounds dif- 
fered significantly from those of the con- 
trols (Table 8). 

Micropathology.—Except in one instance, 
micropathological examination of the heart 
showed no apparent change in histological 
structure. In one rat of Group V, fed a 
diet containing polydimethylsiloxane with 
viscosity of 60,000 cs., there was an aggre- 
gation of leukocytes in a small area of the 
myocardium of the right ventricle. Micro- 
pathological examination of the lungs dem- 
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TABLE 7.—Effect of Feeding of Silicones on Hemoglobin * 


* All hematological studies were carried out on the same five males and the same five females of each group. 


Mean Concentration of Hemoglobin, 
Gm/100 M1. 


After 
45 Days 


After 


Control 90 Days 


M 8.5 10.7 11.4 
F 8.6 10.2 114 
M 8.4 10.5 114 
F 8.7 9.4 10.7 
M 9.0 11.2 11.2 
F 8.6 11.0 11.1 
M 9.1 10.3 11,1 
F 8.7 10.2 11.5 
M 8.6 11.0 11.5 
F 9.1 10.7 10.6 
M 8.4 10.5 10.7 
F 9.8 10.5 11.2 


The infection was evident in all the groups, 
both experimental and control, and was not 
considered to be related to the feeding of 
the silicones. 

No significant micropathological changes 
were noted in the spleen, kidneys, liver, 
testes or ovaries, uterus, aorta, stomach, and 
small and large intestine. 


Summary 

Each of five polydimethylsiloxanes rang- 
ing in viscosity from 50 es. to 60,000 cs. 
(25 C) was fed to rats in a concentration 
of 1.0% of the diet for a period of 90 days. 
The following tests and observations were 
made during the course of the experiment: 
gross observations, records of consumption 


onstrated a varying degree of inflammation. of food and_ silicones, body weights, 
TABLE 8.—Effects of Feeding of Silicones on Organ Weights * 
Mean Wt. of Organs, Gm. t 
Group Viscosity (25 C) of — 
No. Compound Ingested, Cs. Sex Heart Lungs Liver Spleen Kidneys Testes 


50 
350 
1,000 
10,000 


60,000 M 


Control M 


MacDonald et al. 


* There were 20 rats in each experimental group and 40 rats in the control group. 
+ Kidneys and testes were weighed individually. The weights of the right and left organs were alike. 


34 


3.2 


3.2 


3.4 


2.0 13.4 0.9 3.0 3.6 


1.9 14.4 0.8 2.8 34 
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microhematocrit, hemoglobin, total and dif- 
ferential white 
pathological 


blood cell counts, gross 
examination, organ weights 
(heart, lungs, liver, spleen, kidneys, and 
testes ) 


(heart, 


and micropathological examination 
lungs, liver, spleen, kidneys, testes 
or ovaries, aorta, uterus, stomach, and small 
and large intestine). In addition to routine 


hematoxylin and eosin stain, a_ limited 


number of liver sections were subjected to 


a special fat stain (Scharlach red). 


Conclusions 


When fed to rats in a concentration of 
1.0% of the diet over a period of 90 days, 
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polydimethylsiloxanes having viscosities 
(25 C) of 50, 350, 1,000, 10,000, and 
60,000 respettively, resulted in no 
deleterious effects. 

Department of Pharmacology, 
Miami School of Medicine. 


University of 
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Toxicity of Diborane in High Concentrations 


Major ALFRED R. STUMPE, USAF (MC), Brooks Air Force Base, Texas 


Introduction 


The increasing interest in the utilization 
of boron hydrides, or boranes, as high- 
energy fuels dictates that the toxicology of 
these materials be completely understood be- 
for their employment as propellants in 
future aircraft and rockets. Not only must 
attention be focused on the health hazards 
to ground personnel handling these new 
“exotic” fuels but, in addition, careful con- 
sideration must be given to the potential 
dangers to aircrew members who might ex- 
perience accidental cabin air contamination 
while in flight. Because of confinement the 
crew member or passenger would then be 
subjected to high concentrations of these 
toxic compounds from which relief could 
only be obtained by emergency ventilation, 
breathing of pure oxygen, and/or landing 
of the vehicle. Since toxicological and 
pharmacological data accumulated to date 
is primarily concerned with the acute and 
chronic exposure to the boron hydrides as 
might be encountered in an industrial en- 
vironment, the apparent for an 
evaluation of the short-exposure, high-con- 
centration problem. 

Although the boron hydrides were first 
described in 1879, it was not until World 
War II that they attracted attention as 
potential chemical propellants. Of the six 
boranes known in the laboratory, diborane, 


need is 


pentaborane, and decaborane appeared most 
promising as high energy fuels. In 1949, a 
program was initiated at the Army Chemical 
Center, Md., to establish the toxicological 
and pharmacological effects of these com- 
pounds. This program has continued to the 
present time. Because of its potential use 
as a fuel, its employment in the manufacture 
of the other boranes, and its formation in 
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these boron 


hydrides, diborane has received considerable 


the decomposition of same 
attention in their laboratory investigations. 

Diborane (BoHg) is a colorless gas at 
ordinary temperatures and pressures. It has 
a characteristic odor, described as similar to 
that of “rotten eggs,” which is readily de- 
tected in the atmosphere in concentrations 
of 2.8-3.6 ppm (3.3-4.2 mg. per cubic 
meter).** It is rapidly hydrolyzed by water 
with the almost release of 
heat and the formation of boric acid and 


instantaneous 


hydrogen. 

Animal toxicity studies have indicated 
diborane to be a highly toxic compound. It 
has found to be than 
decaborane but less toxic than pentaborane. 


been more toxic 
For rats the LDso by inhalation for a four- 
hour exposure is about 50 ppm (58 mg. 
per cubic meter).!! Its primary effect is on 
the lung, where it produces congestion, pul- 
monary edema, hemorrhage, and an anoxic 
type death. Similar findings have been ob- 
served in the dog, rabbit, guinea pig, and 
mouse.2">* The highest diborane concentra- 
tion employed in these experiments was 446 
ppm (492 mg. per cubic meter) for a 
60-minute exposure with rats.* 


Materials and Methocs 


The diborane utilized in this experiment was 
obtained from the Olin Mathieson Chemical Corpo- 
ration. It to be 92% diborane with 
ethane as the major impurity. The usual precau- 


was stated 


tions for the handling of a pyrophoric substance 
were observed. 

sex and 
weighing 70-110 gm. served as the test animals. 


Golden hamsters of mixed breed and 


Because of the prevalence of murine pneumonia 
in mice and in rats it was felt that they would 


* Concentrations are expressed both as parts of 
diborane per million parts of air, by volume, and 
also as milligrams of diborane per cubic meter 
of air. 
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WING TUBE 


Fig. 1—Experimental arrangement for animal 
exposure to diborane. 


be unsatisfactory for evaluating the toxicity of 
a known pulmonary irritant, especially at the 
lower concentrations. 

A 96-liter Lucite exposure chamber was used 
for all experiments. The diborane was first diluted 
with nitrogen to minimize the risk of explosion. 
This mixture was in turn diluted with compressed 
air and fed into the chamber through two ports. 
From the chamber the gaseous mixture was vented 
to the out-of-doors atmosphere, Glass tubing was 
employed throughout with Tygon and Neoprene 
connections as indicated. Chamber concentration 
was determined by the measured rates of flow 
(as calculated for 20 C and 760 mm. Hg) for 
the diborane as well as for each of the diluents 
(Fig. 1). A complete change of atmosphere was 
effected every two minutes, and at no time was 
the oxygen within the chamber calculated to be 
less than 19 vol. %. Daily temperature and hu- 
midity readings were made. 

Separate groups of male or female animals were 
placed in the chamber and, after adjustment to the 
new surroundings, exposed to the diborane. Ex- 
posure concentrations ranged from 50 ppm (58 mg. 
per cubic meter) to 1,000 ppm (1,160 mg. per 
cubic meter). One or two experiments were con- 
ducted at each of the 11 concentrations evaluated. 
Observations were made as to the time of onset 
of irritative phenomena, behavioral and physical 
changes during poisoning, and time of death as 
evidenced by cessation of respiratory excursions. 
Each experiment was terminated when all animals 
had died. The hamsters were then autopsied, gross 
pathological findings recorded, and tissue specimens 
of lung, liver, and kidney obtained for microscopic 
interpretation, 

Control animals were exposed to a 10% nitro- 
gen-air mixture for a two-hour period. After the 
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exposure they were killed and similar gross and 
microscopic examinations performed, 


Results 


Toxic Signs.—Toxic signs manifested by 
hamsters during exposure were primarily 
respiratory in character. Shortly after the 
diborane mixture was fed into the chamber, 
activity subsided and the animals huddled to- 
gether in small groups. The first evidence 
of toxicity exhibited was an increase in both 
rate and depth of respiration which in turn 
was followed by restlessness and pawing 
of the face. The higher the concentration of 
diborane employed the earlier these mani- 
festations appeared. As poisoning pro- 
gressed, the animals became increasingly 
active, with frequent episodes of falling on 
their sides and/or backs during locomotion. 
The ability to regain the normal upright 
position was retained until deep, prolonged, 
gasping respirations ensued. Just prior to 
death, pinkish froth appeared from the nares 
and mouth of animals exposed to diborane 
in concentrations of 500-1,000 ppm (580- 
1,160 mg. per cubic meter). Terminally, all 
animals exhibited a decrease in rate and 
depth of respiration with prolonged periods 
of apnea ending eventually in death. 

Mortality—The mortality data for the 
experiments is recorded in the Table. It is 
apparent that as the concentration of 
diborane was increased from 50 ppm to 
600 ppm (58 mg. to 696 mg. per cubic 
meter) there was a progressive shortening 


Time-Concentration Relationship for Death of 
Hamsters from Diborane 


Cone. 
PPM No. 
by Vol. Animals 


Exposure Time for Death, Min. 


Mean 


Min. Max. 
391 497 
234 
138 


50 
75 
100 
150 
200 
300 
400 
500 
600 
800 
1,000 


Vol. 21, June, 1960 


>) 
TER } 
|| 
| 
12 
all 10 
12 
10 70 110 86 
14 53 85 65 
87 92 65 3 
4 16 45 64 54 
10 36 57 45 
10 27 33 
26 40 34 
10 26 36 30 
“4! 
| 


CONCENTRATION-PPM BY VOLUME 
8 


| 
| 


8888 


4 4 4 4. 
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Fig. 2.—Time-concentration relationship for 
death of hamsters from diborane. 


of the mean exposure time for death and a 
narrowing of the range about that mean. 
However, with concentrations of 600-1,000 
ppm (696-1,160 mg. per cubic meter) there 
was essentially no difference in this mean 
exposure time. Likewise, the time interval 
during which all deaths occurred appeared 
essentially the same for each of the three 
highest concentrations. This relationship be- 
tween concentration of diborane and time 
of death is clearly shown in a time-concen- 
tration curve (Fig. 2). 

Except for inactivity and grouping to- 
gether during exposure no signs of toxicity 
or mortality were observed among the con- 
trol animals. 

Pathology.—Pathological findings at au- 
topsy were confined to the lungs of the 
diborane-exposed animals. The _pinkish- 
white color of the normal hamster’s lung 
was replaced by a diffuse bright red color 
in animals exposed to concentrations of 
diborane ranging from 50-400 ppm (58- 
464 mg. per cubic meter). With higher 
concentrations this color change became 
more pronounced as the lungs assumed 
a diffuse dark reddish-brown appearance 
(Fig. 3). No gross changes were noted 
in the kidney or liver of these animals. 

The lungs of the control animals were 
pink in color and appeared normal (Fig. 3). 
Kidney and liver were unremarkable. 

Significant microscopic findings were lim- 
ited to the lungs of the test animals. 


Stumpe 


| CENTIMETERS 


Fig. 3.—Gross specimens of hamsters’ lungs. The 
lungs on the left are from a control animal, while 
those on the right are from an animal which died 
on exposure to 600 ppm (696 mg. per cubic 
meter) of diborane for 27 minutes. Note the 
marked diffuse edema and vascular congestion in 
the lungs from the test animal. 


Demonstrable changes consisted of capillary 
dilatation and vascular congestion, edema 
with an outpouring of leukocytes and eryth- 
rocytes into the alveolar spaces, focal areas 
of atelectasis and of peripheral emphysema, 
and a denuding or sloughing of the mucosal 
epithelium of the bronchioles and bronchi, 
with degeneration of the mucosal cells 
(Figs. 4, 5, and 6). While all of the above- 
mentioned changes were present to some de- 
gree in the lungs of all the test animals, 
they were more marked in the lungs of those 
animals exposed to diborane concentrations 
of 500-1,000 ppm (580-1,160 mg. per cubic 
meter). Some vascular congestion, par- 
ticularly in glomerular capillaries, was noted 
in the kidney. No microscopic changes 
were detected in the liver. 

The lungs of the control animals showed 
capillary engorgement and vascular conges- 
tion only. These findings are consistent 
with the pulmonary changes observed when 
laboratory animals have been killed by 
strangulation. No kidney or liver lesions 
were observed. 


Comment 


The results of this investigation confirm 
previously published observations regarding 
the toxicological effects of diborane? 
Toxic signs observed in test animals indi- 
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Fig. 4.—Low-power comparison of sections of lung from control (4) and diborane-exposed 
animal (B). Note the diffuse edema, vascular congestion, and peripheral vesicular emphysema 


in B. Hematoxylin and eosin; X 35. 


cate this gas produces marked pulmonary 
irritation predisposing to severe hypoxia and 
hypercapnia and death. Vascular conges- 
tion, pulmonary edema, and denuding of 
the mucosal epithelium of the bronchi and 
bronchioles were the pathological changes 
produced in the lungs of hamsters exposed 
to relatively high concentrations of this irri- 
tant. These pulmonary findings in labora- 
tory animals are sufficient to explain the 
respiratory and chest symptoms which have 


been experienced by persons accidentally 
exposed to this boron hydride in indus- 


try 8,10 


It is apparent from the data presented 
that for hamsters a definite relationship 


(Illustration reduced about 35% from original size.) 


exists between concentration of diborane and 
survival time (Fig. 2). As the concentra- 
tion is increased from 50 ppm (58 mg. per 
cubic meter) to 600 ppm (696 mg. per 
cubic meter), a progressive shortening oc- 
curs in the mean exposure time for death 
together with a narrowing of the time in- 
terval in which all animals die. However, 
at concentrations in excess of 600 ppm 
(696 mg. per cubic meter) it appears that 
the minimum, maximum, and mean. ex- 
posure times become stabilized. These find- 
ings suggest that the resultant pulmonary 
damage is related to the amount of diborane 
inhaled, with individual animal suscepti- 
bilities apparent. However, with increasing 


Fig. 5—Medium-power comparison of sections of lung from control (4) and diborane- 


exposed animal (B). 


In B, observe the degeneration, ulceration, and desquamation of the 


bronchial mucosa. In the submucosa there is a cellular infiltrate composed of lymphocytes and 
polymorphonuclear leukocytes (B). Edema in the pulmonary parenchyma is prominent (B). 
Hematoxylin and eosin; x 300. (Illustration reduced about 35% from original size.) 
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Fig. 6—High-power comparison of sections of lung from control (A) and diborane- 


exposed animal (B). In B, the cytologic alterations of the bronchial mucosal cells are prominent. 
There is loss of nuclear staining, swelling and disruption of the cytoplasm, nuclear fragmenta- 
tion, separation from the basement membrane, and focal ulceration. Hematoxylin and eosin; 


concentration these individual differences 
are erased as more extensive pathological 
changes develop within the lungs. Even 
with diffuse pulmonary involvement there 
remains a minimum time for irreversible and 
fatal physiological changes to develop ir- 
respective of how much higher the con- 
centration might be raised. This time 
interval is approximately 25-35 minutes for 
hamsters and apparently persists for all con- 
centrations of diborane in excess of 600 
ppm (696 mg. per cubic meter). Within 
the scope of experimental design the find- 
ings appeared to be independent of the sex 
or weight of the animals. 

While it is known that diborane is readily 
hydrolyzed to boric acid and to hydrogen, 
the mechanism of action in diborane poison- 
ing has not been established. Concentra- 
tions of diborane found to be toxic for 
various species of laboratory animals yield, 
on hydrolysis, amounts of boric 
sublethal for these same species.® 


acid 
More 
recently an attempt has been made to cor- 
relate the toxicity of the boranes with their 
chemical activity (reducing power).* This 
might explain the toxicity of diborane if its 
action was found to be a simple interference 
with cellular oxidation-reduction reactions. 

The threshold limit value established for 
diborane by the American Conference of 
Governmental Industrial Hygienists is 0.1 


Stumpe 


X 700. (Illustration reduced about 35% from original size.) 


ppm (0.1 mg. per cubic meter).1 While in 
high concentrations it is readily detected in 
the atmosphere, it can exist at levels above 
the maximum allowable concentration with- 
out being detected.* Environmental protec- 
tion is afforded by a chemical cartridge 
respirator using active Hopcalite as the 
filling material? Treatment of the ac- 
cidentally exposed person is supportive and 
symptomatic. 


Summary 


Toxic signs and pathological evidence of 
severe pulmonary damage were observed in 
golden hamsters after inhalation of rela- 
tively high concentrations of diborane. As 
the concentration of diborane was increased 
from 50 ppm (58 mg. per cubic meter) to 
600 ppm (696 mg. per cubic meter), the 
mean survival time for exposed hamsters 
decreased. Also noted was a progressive 
narrowing of the time interval for all ex- 
posed animals to die. However, concentra- 
tions in excess of 600 ppm (696 mg. per 
cubic meter) elicited no further reduction 
in the minimum, maximum, or mean ex- 
posure times for death. Additional toxico- 
pathological studies are necessary for a 
complete understanding of the mechanism of 
action of diborane. 

In view of diborane’s extreme toxicity it 
becomes imperative that future aircraft and 
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rockets utilizing the boranes as high-energy 
fuels be designed to provide the utmost 
protection against accidental cabin air con- 
tamination. 


School of Aviation Medicine. 
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Pathological Changes in Ethylene Dibromide 
Poisoning 


EDWIN V. OLMSTEAD, M.D., Flemington, N.J. 


Search of the literature has failed to 
reveal a description of the pathological 
changes incidental to ethylene dibromide 
poisoning in humans. It was therefore felt 
worthwhile to document these changes as 
observed in a case which came to necropsy. 

Chemically this substance is 1:2 dibromo- 
ethane with a formula CHeBr-CHeBr. It 
is used as a soil fumigant for the control 
of ground pests. It is available in pellet 
form and is ordinarily dissolved in water 
for use in the soil. Thousands of gallons 
are consumed yearly in the United States. 
It is known to be a highly toxic material, 
and its systemic effects after oral ingestion 
are directed toward the liver and kidneys 
in experimental animals.!| Ethylene dibro- 
mide is also used commercially in “leaded” 
gasolines and as a chemical intermediate. 


Report of Case 


A 43-year-old white woman was admitted to 
the hospital complaining of abdominal pain, nausea, 
vomiting, and diarrhea of two days’ duration. 
Forty-eight hours prior to admission she ingested 
nine Fumisoil capsules, each containing 0.5 ml. of 
ethylene dibromide. Almost immediately she started 
to vomit, and this symptom recurred periodically 
to the time of admission, Twenty-four hours after 
ingestion of the chemical, watery diarrhea was 
first noted, and this symptom also recurred fre- 
quently. Approximately thirty-six hours after in- 
gesting the Fumisoil capsules she noted a decrease 
in the volume of urine along with a darkening of 
its color. By the time of admission she was com- 
pletely anuric. The husband noted tachypnea and 
marked agitation for the past two days. 

The patient had two previous hospital admis- 
sions. The first, six months previous, was ac- 
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complished for the purpose of studying the cause 
of vague upper abdominal pain of 18 months’ 
duration. Physical examination, x-ray studies, and 
laboratory tests were negative, and the patient was 
discharged without a specific diagnosis. The second 
admission, three later, included further 
work-up for the same symptom. Again there was 
no positive diagnosis made. 

The patient had been mentally depressed with 
resultant excessive alcohol ingestion for several 
years. 


months 


Physical examination showed temperature, 98.6 
F; pulse, 140; respiration, 48; blood pressure, 
98/72. The examiner noted an acutely ill, very 
agitated white woman with disheveled hair and 
a mildly icteric skin. The pupils reacted to light; 
fundoscopic examination was negative. The lungs 
were clear. A blowing systolic murmur was heard 
at the apex and transmitted to the third left inter- 
costal space. The pulse was thready. Abdominal, 
rectal, and neurological examinations were nega- 
tive. 

Urinalysis was not done, since the patient was 
anuric. The hemoglobin was 11.1 gm., hematocrit 
32%, white blood cell count 28,900 (segmented 
neutrophils, 67; neutrophils, 17; 
lymphocytes, 15; eosinophils, 1). 
41.0; blood urea nitrogen, 22.0; calcium, 
phosphorus, 8.1; total bilirubin, 2.85, with a direct 
of 24 (all results in milligrams per 100 ml.). 
The alkaline phosphatase was 2.2 Shinowara units 
and the serum transaminase, 272.0 units. Total 
proteins were 6.6 gm/100 ml., with albumin 4.6 
and and globulin 2.0. Serum chlorides, 90.0; po- 
tassium, 4.5; sodium, 136.0 (all mEq. per liter). 
Cephalin flocculation was 4+ in 48 hours) ECG 
revealed sinus tachycardia, rate 140. 

The patient did not improve in spite of sup- 
portive therapy. Her pulse became weaker and 
thready, and she died 4 hours after admission 
(54 hours after ingestion of the poison). 


nonsegmented 
Serum sugar, 

¥ 


Necropsy Findings 


The autopsy was started approximately three 
hours after death. External examination of the 
body revealed no abnormalities aside from slight 
dermal icterus. There was no excess of fluid in 
any of the great serous cavities. All of the organ 
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Fig. 1—A low-power view 
showing a thin rim of in- 
tact hepatic cells adjacent to 
portal spaces. The dark areas 
represent hepatic reticulum 
and red blood cells. Hema- 
toxylin and eosin; 38. 


weights were consistent with the habitus of the 
patient. The lungs showed only moderate con- 
gestion and edema. The heart was of normal 
configuration and showed no gross changes. The 
myocardium was firm and red-brown in color. 
Examination of the gastrointestinal tract revealed 


diffuse reddening of the gastric mucosa without 
any associated evidence of necrosis or ulceration. 
The small and large bowels also showed focal 


mucosal inflammation without ulceration or ne- 
crosis. The liver was normal in size, shape, and 


position, Its capsule was transparent, revealing 


underneath a dark red-brown parenchyma. The 
same color was noted on section; the cut surface 
was more friable than usual and was studded with 
small bright yellow areas which averaged 2-5 mm. 
in diameter. The usual architecture of the liver 
was completely lost. The kidneys were normal in 
size, shape, and position. Their cut surface revealed 
a normal width of both cortices and medullae, 
and differentiation between the two was unusually 
sharp owing to intense congestion of the medullae 
in contrast to the relatively pallid tan cortices. The 
remainder of the gross examination was negative. 


Fig. 2—This demonstrates 
the extensive loss of central- 
zone hepatic cells with a nor- 
mal portal triad. There is no 
appreciable collapse of the 
reticulum or bile duct pro- 
liferation. Hematoxylin and 


eosin; 100. 


1960 
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Fig. 3.—A_ high - power 
view of hepatic cells in vari- 
ous stages of dissolution. The 
lack of inflammatory-cell re- 
sponse is noteworthy. Hema- 
toxylin and eosin; X 200. 


The following observations were made on micro- 
scopic examination: 


Several sections 


from the heart revealed no 


unusual change in the coronary vessels, epicardial 
fat, or mitral valve. The muscle fibers of the 
left ventricle were normal in size, and their nuclei 


were unaltered. Cross striations were uniformly 
present. No inflammatory cells were noted in the 
interstitium. The liver showed extensive destruc- 
tion, with the central-zone hepatic cells exhibiting 
the most marked alterations. The few islands of 


intact hepatic cells which survived were generally 


Fig. 4.— This shows de- 
generative changes in some 
of the proximal tubular epi- 
thelial cells, while adjacent 
tubules are normal. Hema- 
toxylin and eosin; X 100. 


Olmstead 


found adjacent to portal spaces (Figs. 1 and 2). 
The cells undergoing changes had lost their cyto- 
plasmic outlines, and they presented a smudgy 
pink or orange tinctorial quality. Their nuclei had 
disappeared in many instances; those nuclei which 
remained were normally vesicular and not par- 
ticularly altered in size. Occasional nuclei were 
bizarre in shape, hyperchromatic, and pyknotic. 
Sinusoids adjacent to necrotic cell cords were 
filled with conglutinated red blood cell masses 
which added further to the disordered appearance 
of the hepatic architecture. A large amount of 
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granular formalin pigment was noted throughout 
all sections. The normal appearing hepatic cells 
adjacent to portal spaces had clear cell outlines, 
and their cytoplasm was pale blue in color and 
2 and 3). Their nuclei 


were not unusual. A few neutrophils were found 


lacy in appearance (Figs. 


in portal spaces and around the edges of necrotic 
zones. the 


microscopic picture was the extensive necrosis with 


However, the remarkable feature of 


a minimum of inflammatory reaction. There was 
no appreciable infiltration of hepatic cells by fat, 
and there was no proliferation of bile ducts in 
portal spaces. Sections of the spleen showed mod- 
erate focal congestion of the red pulp, Sections of 
the kidneys revealed normal-appearing glomeruli, 
and vascular channels of all sizes were also un- 
altered. The proximal convoluted tubules showed 
patchy areas where the epithelium had a_pink- 
staining necrotic appearance, and their nuclei were 
either completely lost or were pyknotic (Fig. 4). 
These tubules often were adjacent to tubules show- 
ing a completely normal epithelium. Some proximal 
tubular epithelial cells had a vacuolated appearance 
reminiscent of the lesion seen in diethylene glycol 
poisoning. The distal 
no significant change. 


tubules showed 
of tubules near 
the corticomedullary junction contained pink-stain- 


convoluted 
Clusters 


ing granular casts. The epithelial cells in some of 
these tubules contained greenish-yellow granular 
pigment, Peritubular capillaries were focally con- 
gested with red blood cells. However, there was 
no associated interstitial edema or infiltration by 
inflammatory cells. No leucine crystals were noted 
in any of the kidney sections. 


Comment 


Rowe et al.’ studied the toxic effects of 
ethylene dibromide on several varieties of 
laboratory animals. Five species of animals 
were given the chemical by mouth. The 
centers of hepatic lobules in these animals 
showed fatty degeneration and _ necrosis. 
Renal tubular necrosis was also observed, 
but the exact segment of the involved tu- 
bules was not specified. Rowe suggested 
that the ingestion of 1.5 to 2.0 ml. of ethyl- 
ene dibromide would be hazardous for hu- 
mans. Double this volume was taken by 
the subject of this report. , 

Rowe and his group turther studied the 
effects of inhalation of ethylene dibromide 
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on four types of experimental animals. 
They found that the animals could tolerate 
repeated inhalation of 25 ppm of ethylene 
dibromide vapor but showed evidence of 
toxicity after repeated inhalation of 50 ppm. 
This was manifested clinically by central 
nervous system depression and hypotension. 
Microscopically these animals showed acute 
inflammatory changes in the lungs in addi- 
tion to the renal and hepatic lesions. It was 
suggested, on the basis of this work, that 
humans should not be exposed to as much 
as 50 ppm of ethylene dibromide vapor on 
any single occasion or 25 ppm repeatedly. 
The toxicologic changes after ingestion 
of ethylene dibromide in the present in- 
stance were apparently confined to the liver 
and kidneys. The hepatic lesion was charac- 
terized by massive central lobular necrosis 
with minimal inflammatory-cell response. 
The renal lesion was characterized chiefly 
by patchy necrosis of the proximal tubular 
epithelium. There was no clear-cut histo- 
logic evidence of hemoglobinuric nephrosis. 
Hence the anuria in this case was ascribed 
to excessive fluid loss from the gastrointes- 
tinal tract coupled with profound shock in- 
cidental to the massive hepatic necrosis. 
Since the patient was said to have im- 
bibed an inordinate amount of ethyl alcohol 
over the past several years, the liver sec- 
tions scrutinized — specifically 
changes incidental to this. No alterations 
were noted which could be indisputably 
ascribed to alcohol. 


were for 


However, it must be 
admitted that the deleterious effects of this 
halogenated chemical may have been en- 
hanced by the prior excessive use of alco- 
hol in this case. 


Summary 


The pathologic changes resulting from 
the ingestion of 4.5 ml. of ethylene dibro- 
mide (CHeBr-CH2Br) have been described. 
The major changes were characterized by 
massive central lobular necrosis of the liver 
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ETHYLENE DIBROMIDE POISONING 


with focal proximal tubular epithelial dam- 
age in the kidney. These changes parallel 
those found in various experimental ani- 
administration of this 


mals after oral 
chemical. 


Hunterdon Medical Center. 


Olmstead 
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Compounds 


WILLIAM W. PAYNE, Sc.D., Bethesda, Md. 


Since the recognition of the abnormally 
high rate of cancer of the lung among chro- 
mate workers,’? many experimental studies 
have been conducted in an effort to repro- 
duce the disease in animals by exposing 
them to various chromium compounds. 
Lukanin * exposed rabbits and cats to the 
inhalation of dust to which the workmen in 
a chromate-producing plant were exposed 
by placing cages in several parts of the plant 
for periods up to eight months. He ob- 
served thickening of the alveolar septa, 
changes in cells, destruction of the epithelial 
lining, ulceration and near perforation of 
the nasal septum. Alwens,® in describing 
changes found upon the x-ray examination 
of human lungs of workers exposed to 
chromium compounds, stated that they were 
analogous to those found by Gross in ani- 
mals that inhaled chromium dusts over long 
periods of time. These animals showed 
hyperplasia of the lymph nodes at the hilum 
of the lung, which was attributed to the 
irritating effects of the chromium. Schinz 
and Vollmann'®:" introduced deposits of 
metallic chromium into the bone marrow of 
the femurs of rabbits. Three of the eleven 
animals that received implants of chromium 
died of cancer at or near the site of im- 
plantation, but because of the interruption 
of World War 2 the animals could not be 
observed by the investigators for the entire 
period. 

Shimkin and Leiter! injected chromite 
ore suspended in saline intravenously in 
mice. At the end of six months there was 
no increase in the number of lung tumors 
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as compared to untreated controls. Mosing- 
er and Fiorentini '* administered potassium 
chromate to experimental animals by vari- 
ous routes. Animals were observed from 
a few days up to a year. Acute lesions, 
gastritis, and enteritis were observed, but 
no malignancies or chronic gastric ulcers 
occurred. Baetjer }* exposed mice, rats, and 
guinea pigs by inhalation, intravenous or 
intrapleural injections to various chromium 
chemicals including sodium dichromate, po- 
tassium dichromate, a zinc chromate com- 
plex, and roasted chromite ore. No cancers 
occurred, but the zinc chromate complex 
produced metaplasia of the alveolar wall. 
Examination of the lungs of one rat of a 
group exposed by Goldblatt for many 
months to an atmosphere of potassium 
chromate as a fine dust revealed various 
stages of degeneration, but the investigation 
did not demonstrate any carcinogenic prop- 
erties in chromates. 

To study the carcinogenic effects of two 
compounds of low solubility, chromite ore 
and metallic chromium, Hueper ' admin- 
istered the materials to mice, rats, guinea 
pigs, and rabbits by various routes includ- 
ing inhalation, injection, and implantation. 
A few neoplasms were observed among 
those receiving implants but in view of 
their small number, diverse types, and vary- 
ing locations, the causal relation to the 
administered material was uncertain. None 
of the rabbits developed tumors similar in 
type and location to those previously re- 
ported by Schinz. In a later experiment 
Hueper * implanted roasted chromite ore 
mixed with sheep fat intramuscularly and 
intrapleurally in rats. At the end of two 
years he observed squamous cell carcinomas 
coexisting with sarcomas of the lung in 2 
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of 25 rats and fibrosarcomas of the thigh in 
3 of 31 rats. He interpreted these findings 
as highly suggestive that the roasted ore 
contains a carcinogenic agent. 

Recently, Hueper and Payne reported 
the production of cancers in rats that re- 
ceived implants of moderately soluble chro- 
mium compounds mixed with sheep fat. 
The materials—calcium chromate, sintered 
calcium chromate, sintered chromium triox- 
ide, and barium chromate—were implanted 
surgically in the muscle tissues of the thigh 
of one group and in the pleural cavities of 
another. Cancers, mostly sarcomas, oc- 
curred at the site of implant for the first 
three compounds in 60% to 80% of the rats 
within 12 to 14 months after the adminis- 
tration of the material. 

The present work was undertaken to de- 
termine whether these three chromium com- 
pounds would produce the same results in 
another species of animal, the mouse. In 
addition, the question had been raised as 
to the role of the sheep fat combined with 
chromates in the production of cancers in 
Hueper’s experiment, as well as in that of 
Hueper and Payne. Although the sheep fat 
administered alone did not have any car- 
cinogenic effect, it seemed possible that 
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Production of Tumors by Chromium Compounds 


there may be an interaction between the 
fat and the strongly oxidizing chromates 
which would produce an effect in animals 
that would not be produced by either com- 
pound alone. To answer this question a 
method was devised for implanting the 
compounds without using fat as a vehicle. 


Experimental Procedure 


Calcium chromate and sintered calcium chromate 
were selected for implantation into the thigh muscle 
of C57 Black mice obtained from the National 
Institutes of Health colony using 26 males and 26 
females for each compound. As a control a similar 
group received sheep fat only. The sintered com- 
pound was prepared by heating calcium chromate 
having less than 1% impurities to approximately 
2,000 F for about an hour. Each dust was mixed 
with sheep fat which had been extracted with 
ether from natural lamb fat obtained at a grocery 
market. Ten milligrams of the chromium com- 
pound were mixed with 20 mg. of fat and im- 
planted surgically into the muscle tissue of the thigh 
by making an incision in the layers of the skin, 
inserting the cylindrical pellet between the mus- 
cles, and closing the incision with cotton sutures. 

The above compounds and sintered chromium 
trioxide were administered to similar groups of 
mice by subcutaneous injection in the nape of the 
neck using tricaprylin (Eastman trioctanoin) as 


a vehicle. The dose for each mouse was 10 mg. 
of dust in 0.2 ml. of the vehicle. 


Number of Animals with a Tumor at Site of Administration and Number of Survivors at Specified Number of Months After 


No. Animals 
and Species 


Compound Vehicle Route 


Sintered CrO,; 52 mice Tricap. subecut. 


Sintered CaCrO,; 523” Tricap. subeut. 
CaCrO, ” Tricap. subcut. 
(Controls) Tricap. subcut, 
Sintered CaCrO, Fat I.M.t 
CaCrO, 52” Fat I.M.¢ 
(Controls) 62" Fat I.M.% 
CaCrO.« 6 rats Capsule I.M. ¢ 
CaCrO. Capsule I.P1. § 


Cumulative No. of Tumors * and No. 


Administration 


Survivors 


Months Following Treatment 
Total Months 
Observed 


6 9 12 Over 12T 


0/40 0/40 0/29 

0/31 0/31 0/31 0/18 18 
0/13 0/13 1/12 1/9 18 
0/52 0/52 0/52 0/12 26 
0/46 1/42 6/30 9/24 4 
0/50 1/99 1/29 1/25 4 
0/50 0/44 0/31 0/20 14 

5 2/4 2/4 1 
0/5 3/2 3/2 1 


* At site of administration; no multiple tumors occurred at the site. 
At end of observation period 
I.M. Intramuscularly in thigh 
§ [.P1. Intrapleural 
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To determine whether the sheep fat is essential 
to the production of tumors in rats by chromium 
compounds, 12.5 mg. of calcium chromate were 
placed in Size 5 pharmaceutical gelatin capsules 
and implanted intramuscularly in six rats and 
intrapleurally in six. 

All animals were observed at weekly intervals 
and were killed when firm masses were found by 
palpation in the region in which the material was 
administered. Postmortem examinations were per- 
formed on all animals. Organs and tissues with 
gross pathological lesions were studied by histo- 
logical examination. 


Observations 


The number of tumors occurring at the 
site of administration with the number of 
survivors is shown in the Table. Among 
the mice receiving the intramuscular im- 
plants, 11 tumors occurred at the site of 
implant after 13 months of observation. 
The first tumor was found seven months 
after the of the material. 
Two of the tumor-bearing mice had _ re- 
ceived calcium chromate and nine the sin- 
tered calcium chromate. After 18 months 
only one tumor had occurred at the site 
of injection among the groups which had 
received the chromium compounds in tri- 
caprylin. This occurred 13 months after 
injection with calcium chromate. No tumors 
occurred at the site of administration in the 
control mice receiving implants of sheep fat 
or injections of tricaprylin. 


administration 
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Among the rats which had implants of 
calcium chromate in capsules, five tumors 
occurred at the site of administration, three 
in the intrapleural group, and two in the 
intramuscular at the end of seven months. 
The tumors were of the same type as oc- 
curred in the experiment of Hueper and 
Payne in which the rats received calcium 
chromate in sheep fat. 


Because gelatin capsules of the type used 
in this experiment have been employed ex- 


tensively in the administration of drugs 
without observed ill-effects and because the 
capsule disappears from the site of implant 
within a short time, no control animals were 
used for capsules alone. In another experi- 
ment which is in progress, no tumors have 
occurred during 10 to 12 months of obser- 
vation among rats in which capsules con- 
taining chromic acetate were implanted. 
The tumors were firm in consistency with 
a white, homogenous cut surface and usu- 
ally were well-delineated from the sur- 
rounding subcutaneous tissue. With the 
sintered material the tumors usually con- 
tained dark green areas representing a 
His- 


tologically, the tumors were sarcomas gen- 


residual of the administered material. 


erally of the spindle cell or fibrosarcomatous 
types (Figs. 1, 2, 3, and 4). 


Fig. 1—Spindle cell sar- 
coma in the tissue of the 
right hip of a mouse with 
an implant of calcium chro- 
mate in sheep fat; x 270. 
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Fig. 2.—Spindle cell sar- 
coma in the region of the 
hip of a mouse foliowing the 
implantation of sintered cal- 
cium chromate mixed with 
sheep fat; x 270. 


Fig. 4—Spindle cell sar- 
coma in the region of the 
right hip of a rat invading 
skeleton muscle after the 
implantation of a gelatin 
capsule containing calcium 
chromate; XX 270. 


Fig. 3—Spindle cell sar- 
coma in the liver of a rat 
extending from the right 
pleural cavity following the 
intrapleural injection of a 
gelatin capsule containing 
calcium chromate; > 270. 
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Comment 


The existence of an increased risk to 
cancer of the lung among workers in plants 
producing chromium chemicals from chro- 
mite ore has been recognized for a number 
of years. Until recently, however, there 
remained some doubt as to whether some 
form of chromium was responsible or 
whether the workers were exposed to some 
unrecognized carcinogen such as the com- 
bustion products from the roasting process. 
Negative results of many animal experi- 
ments in which animals were exposed to 
various forms of chromium by several 
routes of administration supported the lat- 
ter proposal. Hueper’s '* production of can- 
cers in rats by the implantation of the 
roasted ore indicated that this material does 
contain a carcinogen, but until cancers were 
produced in rats by the similar introduc- 
tion of pure chromium compounds,'* there 
was no evidence that chromium in some 
form is responsible for the increased rate 
of lung cancer among workers exposed to 
chromium compounds. This evidence is 
strengthened further by the results of this 
experiment in which sarcomas were pro- 
duced in mice by the administration of pure 
chromium compounds. 

That fat used as a vehicle is not essential 
to the production of cancers in rats is shown 
by the occurrence of sarcomas at the site 
of implantations when calcium chromate was 
administered in gelatin capsules rather than 
as a pellet formed with sheep fat. The fat 
does appear to be a desirable vehicle for 
the administration of this type of compound 
to animals, since it apparently retards the 
release of the compound, thus extending the 
exposure of the surrounding tissues and re- 
ducing the acute toxic effects. This is shown 
by the fact that when capsules were used 
it was necessary for reasons of toxicity to 
reduce the dose of calcium chromate to 12.5 
mg. instead of using 25 mg., the dose used 
by Hueper and Payne. When 25 mg. of the 
compound were administered in a capsule, 
most of the animals died within a few days, 
whereas few deaths occurred when _ this 
amount was mixed with 50 mg. of fat. 
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Although the ultimate goal in animal 
experimentation—the production of bron- 
chogenic carcinoma by the inhalation of 
chromium—has not been accomplished, the 
production of sarcomas and a few car- 
cinomas in two species of animals and in 
different types of tissue leaves little doubt 
that some forms of chromium are carcino- 
genic. As pointed out by Hueper, the 
effectiveness of chromium as a carcinogen 
appears to depend on the dosage as deter- 
mined by the solubility of the compound 
and the amount present. If hexavalent 
chromium in the form of the chromate ion 
is available in too large a dose, acute effects 
will result, whereas a smaller dose will re- 
sult in malignant growth. Whether com- 
pounds in which the chromium is present in 
the trivalent state or the repeated exposure 
to small quantities of highly soluble hexa- 
valent compounds will produce the same 
results are two of the questions that experi- 
ments being conducted at present are de- 
signed to answer. 


Conclusions 


Evidence that chromium in one or more 
forms is responsible for the increased in- 
cidence of cancer of the lung in chromate 
workers, furnished previously by the pro- 
duction of cancers in rats by several 
chromium compounds, is strengthened fur- 
ther by the occurrence of cancers at the site 
of implantation in mice receiving two of 
these compounds, calcium chromate and 
sintered calcium chromate. No tumors were 
produced by sintered chromium trioxide or 
sintered calcium chromate when injected 
subcutaneously in mice using tricaprylin as 
a vehicle. 

By administering calcium chromate in 
gelatin capsules instead of sheep fat, it has 
been shown that the latter is not essential 
to the production of cancers in rats by 
chromium compounds. 


Dr. W. C. Hueper kindly performed the au- 
topsies on the animals and interpreted the histo- 
logical sections. The technical assistance of Miss 
Johanna Zuefle in the preparation of the sections 
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and Mrs. Ruby Walker, who implanted the ma- 
terials, is appreciated, 


National Cancer Institute, U.S. Public Health 
Service. 
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Plastics 


This presentation is the third revision of 
a paper originally written? in 1954. It 
represents a compilation of the literature 
concerning the toxicological properties of 
synthetic resins. While not all-inclusive, the 
bibliography can be used as a reference for 
the investigator of the toxicology of plastics. 
The second revision*® was presented in 
November, 1955. 


Plastics is a familiar word to everyone. 


Who among us does not possess or use some- 
thing made from a plastic? The manufacture 
of plastic articles and materials is both big 
and little industry. A small shop with few 
employees can make profitably a plastic water 
pistol. A large company makes nylon stock- 
ings or plastic garden hose. Automobile 
bodies and telephones are molded from 


plastics. These plastic articles are important 
to our social progress, and the jobs resulting 
from their manufacture are important to 
our national economy. 


Plastic compounds are ever changing. 
The public demand for articles made from 
plastics is so great that the growth possibili- 
ties are seemingly endless. Vast sums of 


money are spent each year on plastic re- 
search, materials. The 
industrial physician and hygienist must know 
the toxic properties of these items. The 
working environment is only as safe as the 
industrial hygienist makes it. Any material 
can be handled safely if one knows what it 
is and then handles it properly. Overex- 


resulting in new 


posure to a toxic material represents care- 
lessness or ignorance. 


Received for publication Nov. 18, 1959. 

The B. F. Goodrich Co. 

Presented at the Industrial Health Conference, 
Chicago, April 30, 1959. 
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The Toxicology of Synthetic Resins 


REX H. WILSON, M.D., and WILLIAM E. McCORMICK, M.S., Akron, Ohio 


Numerous papers have been written by 
authors from many different parts of the 
world concerning the general hazards of the 
plastic industry.** Obviously, occupational 
hazards may exist in the production and 
processing of some plastic material.* Toxic 
hazards can arise from the use of plastics 
which contain toxic substances, particularly 
in food-packaging applications where extrac- 
tion into the food may occur. Polymerized 
synthetic resins, which form the base for 
many plastics, in themselves are usually not 
a hazard because of their insolubility and 
unreactivity. The risk arises from plas- 
ticizers, lubricants, stabilizers, colors, and 
fillers used with them to form the finished 
plastic. There may also be significant 
hazards existing in the use or manufacture 
of the monomers of these resins, prior to 
polymerization. 

In this discussion we have separated the 
resins into general classifications. In so 
doing we appreciate that there is considerable 
overlapping in many instances. 


I. Acrylic Resins 

The acrylic resins are used in many differ- 
ent ways including the making of aircraft 
turrets, automobile tail lights, brushbacks, 
signs, and various types of textiles. Non- 
irritating contact lenses for the eye can be 
made from methyl methacrylate. These 
resins are extensively used in maxillofacial 
surgery. Prosthetic appliances for various 
parts of the human body can be fashioned 
from acrylic plastic material. An acrylic 
plastic material is used as a replacement * 
for blood vessels and heart valves because it 
does not promote the clotting of blood. 

Aubrey, Endler,'* Scholler,’’ and other 
medical reporters’® have stated that the 
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acrylic resins have the best properties of all 
of the synthetic resins for use in facial 
surgery and produce minimum tissue reac- 
tions. They feel that the acrylics are better 
than any other previous material for tissue 
compatibility 17 and that they can be used in 
cosmetic surgery without causing skin irrita- 
tion. Human implants have been made.'* 
Intraocular acrylic lenses have been used as 
a substitute for the lenses of the eye for three 
and one-half years and over 150 successful 
eye operations have been reported without 
evidence of excessive foreign-body reac- 
tion.18 

The use of an acrylic plastic replacement 
for the femoral bone head has shown a high 
percentage of failure due to sepsis.’* How- 
ever, the septic process is not from direct 
irritation by the acrylic material. The pro- 
duction of malignant tumors in rats by the 
implanting of plastics of various types has 
been reported,!**° but there are no reported 
cases of malignant growths developing in 
human beings from their use. 

Laskin?! referred to an experiment in 
which subcutaneous implantation of acrylic 
film in mice results in a 25% incidence of 
fibrosarcomas. These tumors developed be- 
tween 257 and 469 days after implantation. 
Because of these findings he cautioned 
further use of acrylic in humans for pur- 
poses of femoral heads, intraocular pros- 
theses, and jaw reconstruction. 

MacKay *" referred to the use of methyl 
methacrylate implants for the repair of 
cranial defects. In over 100 cases he cited 
no significant reaction to the substance even 
when it was placed in infected wounds. He 
considered the plastic “biologically entirely 
inert and innocuous.” 

Morgenstern and associate ** described a 
case of sensitization to methacrylic acid and 
its polymerization products resulting from 
their use in dental prosthesis. 

Patty *3 stated that polymerized methyl 
methacrylate is inert; only its stabilizers and 
antioxidants have adverse physiological 
effects, particularly dermatitis. Because of 
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its inert properties, it was chosen to make an 
artificial kidney. 

Karpov *426 reported on the effects of 
monomeric methyl methacrylate vapors. 
Symptoms of irritability, tiredness, somno- 
lence, headache, loss of appetite, and a drop 
in blood pressure—attributed to a disturb- 
ance of the dynamic equilibrum in the cortex 
of the brain caused by inhalation of these 
vapors—were observed. In human beings it 
lowers the blood pressure. 

Deichman ** and Spealman *8 have studied 
the effects of monomeric methyl methacry- 
late vapors on laboratory animals. Deichman 
found that a concentration of 19 mg. per 
liter of air killed all exposed animals in 2.5 
to 5 hours. Gross pathological changes were 
confined to the respiratory system. Spealman 
observed that the vapors were more acutely 
toxic than acetone for mice and less than 
those of ethyl acetate. An LCs5o for mice for 
three hours’ exposure was found to be 55 
mg. per liter. 

Karpov *> gave a suggested tolerance for 
monomeric methyl methacrylate vapors in 
industrial establishments of 0.05 mg. per 
liter. He also observed that the respiratory 
mucosa may be irritated when vapor con- 
centration reaches 0.25 mg. per liter. 

Raines *® called attention to the high 
toxicity of methyl methacrylate, widely used 
as a monomer in the polymerization of 
plastics and dentures. Upper limits of its 
vapor concentration in air which are per- 
missible are stated as 0.05 mg. per liter. 

Summary.—Methyl methacrylate vapors 
have some systemic effects on the brain 
cortex and on the blood pressure, resulting 
in lowering. The acrylic resins themselves 
appear to be substances which can be used 
successfully as bone replacements, artificial 
eyes, and other prosthetic appliances. When 
placed in certain regions of the human body, 
however, they should be kept under observa- 
tion because tumor formation, tissue reac- 
tion, and sepsis have been reported. 


II. Alkyd Resins 


The alkyd resins are being used in the 
manufacture of linoleum surfacings, paints 
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for refrigerators and autos, ignition parts, 
magnetorotors, and food wrappings. 
Morris,*® on reviewing the reactions in- 
volved in the production of aminoplasts, 
phenoplasts, and alkyd resins, stated that the 
finished products are dermatologically inert. 
Schwartz, Tulipan, and Birmingham *! 
found that the alkyd resins may produce 
dermatitis. Schwartz *? reported that alkyd 
resins when used as finishes for textiles have 
caused some cases of dermatitis. 
Summary.—The alkyd resins are capable 
of causing occasional mild cases of dematitis. 


III. Amino (Urea and Melamine) Resins 


This group of plastics is used for many 
articles including buttons, dishes, laminated 
table tops, and housings for kitchen appli- 
ances. They are used as soap fillers and 
finishes for textiles. They can be used to 
treat paper for food-wrapping purposes. 

Elkins * stated, “nitrogen bearing plastics, 
such as melamine, have been said to give off 
hydrogen cyanide when heated, but the 
quantities are apparently not sufficient to 
produce real danger.” 

Hodgins ** stated that heat-converted films 
of urea-formaldehyde-ethylene glycol resins 
used as food-wrapping material showed no 
toxic effect when fed to guinea pigs in single 
doses of 100 mg. Repeat doses to rats of 
10 mg. per day for 30 days produced mild 
effects on the liver, kidney, and gastroin- 
testinal tract. Moss,** in studying the pyro- 
lysis of melamine formaldehyde compounds, 
found that mixtures of 200 ppm carbon 
monoxide and 10 ppm hydrogen cyanide 
were produced which killed rats within 30 
minutes. He noted that hydrogen cyanide 
increases the rate of respiration and, hence, 
intake of carbon monoxide. Schneider *¢ 
studied the effects on human skin of soaps 
containing urea-formaldehyde resin filler. 
No significant difference was observed be- 
tween soaps filled with urea-formaldehyde 
and other soaps. Cases of dermatitis were 
found due to the fatty acids used. 

Segal *7:°8 found little indication of toxici- 
ty in rats fed Amberlite resin, a polyamine 
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formaldehyde resin, when diets containing 
0.5% to 2% of the crude resin were used. 
There was no histological evidence of dam- 
age resulting from ingestion of the resins 
noted. He stated that the over-all toxicity of 
Amberlite, even at 20%, is negligible. 

Markuson *® reported on the prevention 
and control of dermatitis due to formalde- 
hyde resins. 

Vil’kovich ® noted that the introduction of 
powdered aminoplastic resin, used in kitch- 
enware, into the regular diet of white mice 
led to 70% to 80% fatalities. He also found 
both hot and cold aqueous extracts, obtained 
by placing water into aminoplastic dishes, led 
to considerable intoxication. 

Schwartz felt that urea-formaldehyde 
resins, when used as finishes for textiles, 
caused occasional cases of dermatitis. 

Lehman *! stated that a polymer of urea- 
formaldehyde is acceptable as a treatment of 
paper for food-wrapping purposes. He also 
stated that melamine formaldehyde polymer 
is satisfactory for the same purpose. 

Lieber,® in discussing industrial derma- 
titis, stated that the amino resins can affect 
many people who have hereditary hypersen- 
sitivities. 

Summary.—The amino resins (urea and 
melamine) can in certain combinations, 
particularly melamine formaldehyde com- 
pounds, pyrolyze into hydrogen cyanide and 
carbon monoxide, Urea-formaldehyde-ethyl- 
ene glycol resins can safely be used as food- 
wrapping material. The aminoplasts may be 
very toxic. Dermatitis has resulted in work- 
ers handling these resins. 


IV. Cellulose Plastic Materials 


Cellulose plastic materials are used ex- 
tensively in display packaging, irrigation 
pipe, frames for eyeglasses, cigarette filters, 
tire cord, and in rayon acetate textiles. Some 
of the cellulose plastics are suitable for food 
packaging.*” 

Maramorosch * stated that sheets of: cel- 
lulose acetate were found to be toxic to 
plants and fish. This toxicity is due to 
diethyl phthalate. 
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Oppenheimer noted that malignant 
tumors including sarcomas were produced 
in groups of rats and mice by subcutane- 
ously imbedding cellophane films. He stated 
that additives, plasticizers, etc., apparently 
do not account for the production of these 
malignant tumors. 

Schwartz, Tulipan, and Birmingham *! 
found only rare cases of dermatitis due to 
cellulose resins. 

Parmeggiani and associates,” in discussing 
the occupational risks and pathology in the 
production and manipulation of some plastic 
materials, stated that in the manufacture of 
cellulose acetate, the acetic acid content in 
the air caused mucosal irritation, blackening 
of the skin, and erosion of the teeth. 

Summary.—Cellulose plastics can be used 
safely externally. They only rarely produce 
dermatitis. Internal use may be hazardous. 
There is some occupational risks in the 
manufacture of cellulose acetate. 


V. Coumarone-Indene Resins 


Coumarone-indene resins are used in the 
manufacture of asphalt floor tiles, aluminum 
paints, waterproof coatings, printing inks, 
and chewing gum. 


44 stated that coumarone-indene 


resins present little if any industrial hazard 
from the point of view of toxicity, as wit- 
nessed by their long-continued use in chew- 
ing gum. The main hazards are involved in 
the use of the monomers, to which some 
individuals exhibit allergic téndencies. 


Geiger 


Cases of dermatitis among workers han- 
dling coumarone-indene resins ** have been 
reported. 


Summary.—aA relatively nontoxic variety 
of resins. 


The hypersensitive person can 
acquire a dermatitis from handling these 
materials. 
VI. Epoxies 

During the past few years there have 
been marked advances made in the chemical 
technology of the epoxy resins. Currently 
these resins are widely manufactured and 
are available under a variety of trade names. 
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They are used in corrosion-resistant sur- 
face coatings, molding compounds, castings, 
laminating or reinforcing plastics, encap- 
sulating electronic circuits, printed circuit 
backing, and Metal-to-metal 
bonding can be accomplished with an epoxy 
adhesive. 


adhesives. 


Lea and associates * have attempted to 
assess in a general manner the irritating and 
sensitizing capacity of the component ma- 
terials in the epoxy resin formulations. The 
resins were found to be irritating to the skin 
by means of human patch-testing. 

Hine and associates *® discussed the tox- 
icity of six epoxy resins. 

Morris ** stated that exposure to epoxy 
resins in industry has resulted in dermato- 
ses. He said that the epoxies, the curing 
agents, and some of the additives are severe 
skin irritants. 

Bourne ** stated that contact with triethyl- 
enetetramine used as a polymerizing agent 
will give rise to an erythema of the face 
and arms. 
that uncured 
epoxy resins and amine type curing agents 


Dorman stated liquid 
are capable of causing allergic epidermal 
He outlined preventive measures 
that can be undertaken. 


eczema. 


Grandjean ® stated that dermatoses oc- 
curred in half the workers using an epoxy 
resin in 11 factories making electrical 
equipment. 

Pitt and Paul*! stated that a series of 
N-hydroxy alkyl-polyamines were evaluated 
as cross linking agents for polyepoxy resins. 
The availability of these cross linking 
agents with lower toxicity offers a means 
of overcoming one of the major deterrents 
in the widespread utilization of epoxy resins. 

Summary.—The epoxy resins are rela- 
tively inert chemically and are resistant to 
heat. Severe skin irritation can occur in 
their manufacture and use. They must be 
handled with care. The curing agents used 
with these resins appear to be the primary 
cause of the skin irritant effects. 


59/539 


‘ 
. 
mag 
: 
F 
i 
: 


4. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


VII. Fluorocarbons 


The fluorocarbons are used in the manu- 
facture of such articles as pump diaphragms, 
chemical tubing, high temperature insula- 
tion, coating of molds and bread pans, and 
gasket material in jet engines. Teflon is 
being used extensively in surgery for su- 
tures and tubing. 

Recent work by Zapp and associates ** 
indicates various fluorine compounds to be 
present in the decomposition products, the 
specific ones, as well as the amounts of 
each, depending on the temperature of de- 
composition. In the range of 300 to 360 C, 
hexafluorethane was observed; above 380 C, 
an extremely toxic compound, octafluoroiso- 
butylene, was detected; from 500 to S50. 
the chief pyrolysis products were tetrafluo- 
roethylene, octafluo- 
rocyclobutane, octafluoroisobutylene, a Cs 


hexafluoropropylene, 


olefin, and a complex mixture of perfluoro- 
olefins. 

Fairhall ** stated that polytetrafluoroethyl- 
ene (Teflon) is physiologically inert and has 
been rated as nontoxic. However, when 
heated above 400 C, unidentified volatile 
gases are evolved which may be toxic. In- 
halation of Teflon dust appears to produce 
a condition resembling metal-fume fever. 
Pulmonary edema may result. 

Stokinger ** stated that industrial hazards 
from Teflon are due to exposure to its dust 
and to its decomposition products derived 
from heating. In the first instance, a con- 
dition resembling metal-fume fever, “the 
shakes,” is observed. The effect usually dis- 
appears within 24 hours with no after-effect. 
There is pain and aching in muscles and 
joints, accompanied by chills and profuse 
perspiration alternating with fever. When 
heated above 360 F, the Teflon sublimate 
is believed to contain absorbed hydrogen 
fluoride. This can produce irritation of 
nasal membranes and may ultimately result 
in pulmonary edema. 

Wilson and McCormick! stressed the 
need for adequate ventilation when using 
Teflon to avoid ill effects. 
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LaVeen,™ in reporting on the tissue re- 
action to plastics used in surgery, made 
special reference to Teflon. He felt that it 
could be safely used. However, Oppen- 
heimer !® noted that malignant tumors have 
been induced by Teflon when it was im- 
bedded in rodents. 

Treon and associates '* reported animal 
fatalities resulting from exposure to the 
decomposition products of Teflon and Kel-F 
when heated to 752 F. 

Lehman found that polytetrafluoro- 
ethylene, when used as a coating for bread 
pans, created no significant increase in the 
fluoride level of the bread. 

Sendroy,®* in studying the effects of pyro- 
lyzed products of PTFE (a fluorocarbon 
polymer) when used on electric motor wind- 
ings, under conditions simulating those on 
submarine operations, concluded that no 
carbon monoxide hazard would exist with 
operating conditions in excess of 250 C but 
that excessive concentrations of fluorine 
compounds might arise. 

Summary.—The fluorocarbons are ex- 
tremely resistant to corrosive agents and 
solvents. The end-products are inert and 
nontoxic, but toxic decomposition products 
may be produced. Inhalation of Teflon dust 
may cause an effect resembling “metal-fume 
fever.” Irritation of the mucous membranes 
and pulmonary edema can occur from inhal- 
ing the decomposition products. 


VIII. Nylon 

Nylon is used extensively in the manu- 
facture of gears, slide fasteners, combs, 
tumblers, tire cord, tennis racket strings, 
and textiles. It is used as surgical suture 
material, catheters, and toothbrush bristles. 

Experiments ** have proved that the type 
of nylon polymer used in yarns is not toxic 
and does not cause any skin reaction. Nylon 
has met the rigid suture requirements of 
the medical profession. 

Gipstein 8 reported that a papulovesicular 
dermatitis was observed on a 20-year-old 
woman and found that patch tests revealed 
that the nylon fabric, dyed or undyed, was 
the agent. 
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Inderfurth ®* stated that undyed and un- 
finished nylon possessed no_ toxicological 
property and caused no skin reaction. Its 
use as suture material and toothbrush bris- 
tles confirms this report. 

Last ® noted no intra-arterial toxicity 
from nylon catheters, and Schweisheimer * 
stated that nylon was well tolerated and 
applicable for bone sutures. 

Nylon button type closures * are safely 
used for openings between the two auricles 
of the heart. Also surgical tubing has been 
made of nylon and has been used perfectly 
safely. 

Blunt ‘7 noted that nylon, when studied 
for tissue inertness in dogs for periods up 
to six months, showed less reaction than 
silk or cotton. There was a small foreign- 
protein reaction about the implant after six 
months. 

Oppenheimer '® noted that some malig- 
nant tumors have been induced from im- 
bedding nylon in rodents. 

Summary.—Nylon is 
material. 


a perfectly safe 
Thee fashionable women of the 


world have proved this by wearing nylon 
hose. In spite of its widespread use, only 
occasional cases of proved contact derma- 
titis have been reported. Nylon can be im- 
planted in the human body with little or no 
tissue reaction. 


IX. Phenolic Resins 


The phenolic resins are used in the manu- 
facture of telephone handsets, electrical in- 
sulation, radio-TV cabinets, varnish, shell 
molding, dials, grinding wheels, plywood, 
surgical braces, and other external surgical 
prosthetic devices. 

Demole ® studied the effect of phenol- 
formaldehyde resins on gastric juice. The 
action on gastric acidity was variable and of 
short duration, and there was no influence 
on the proteolytic enzymes. 

Elkins ® reported that phenol-formalde- 
hyde varnishes have been particularly bad 
producers of dermatitis. 

Vedorov * made a clinical study of the 
sensitization and development of allergy in 
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chemical workers exposed to various sub- 
stances including phenol-aldehyde resins. 

Luvoni® reported that several foundry 
workers handling phenolic-cresolic resins 
Re- 
moval of the affected persons from exposure 
resulted in the disappearance of the skin 
affections. He felt that a form of allergy 
was responsible. 


developed an eczematous dermatitis. 


Sendroy * stated that electric motors in- 
sulated with CNSV, a phenolic resin, when 
operated continuously for 96 hours under 
conditions simulating submarine operation, 
gave off carbon monoxide in concentrations 
up to 1,620 ppm. 

Phenolic laminates '* have been safely 
used for braces and other external prosthetic 
devices. 

Fairhall ® stated that dermatitis may re- 
sult from repeated or prolonged contact 
with low concentrations of phenol in any 
form. It causes about 20% of the derma- 
titis cases of the phenol-formaldehyde in- 
dustry. 

Lieber * believed that phenolic resins may 
affect many people who have hereditary 
hypersensitivity. 

Summary.—The phenolics as finished lam- 
inates are inert and nontoxic. They can be 
used safely as external prosthetic appliances. 
Many workers exposed to these resins dur- 
ing manufacturing processes have developed 
severe dermatoses. 


X. Polyethylene 


Polyethylene plastic is used in the manu- 
facture of squeezable semirigid 
kitchenware, packaging materials, coaxial 


bottles, 


cables, surgical tubing, cartilage and bone 
substitutes, and surgical repair materials. 
Polyethylene '* is used safely in surgical 
repair, suture tubing, skull covering, plastic 
lung prosthesis, arterial reinforcement, and 
hernial repair. Polyethylene has been used 
extensively as surgical repair materials, both 
in and out of the body, with no apparent 
adverse effects. Occasional skin reactions 
have been reported. In general, it appears 
to be a perfectly safe, nontoxic, inert mate- 
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rial. It does not change composition when 
it is autoclaved. 

Patty ® stated that polyethylene is inert 
and that ouly its antioxidants and stabilizers 
have adverse effects. 

Lehman ** found polyethylene to be satis- 
factory as a food-packaging material. 

Bing ** stated that physical rather than 
chemical characteristics influence the body 
reaction to polyethylene. Implantation of 
irregular pieces causes more reaction. Poly- 
ethylene mesh and nylon suture materials 
produce similar reactions. Macrophages are 
found to absorb a plastic sponge of formal- 
ized polyvinyl alcohol formerly thought use- 
ful as a permanent prosthesis. 

Tusing ® found no skin reactions and no 
evidence of systemic toxicity in rabbits after 
prolonged dermal contact with polyglycols. 

Because it has no adverse effect on body 
tissue 7° and is not affected by normal tem- 
perature ranges, polyethylene. is a satisfac- 
tory substitute for human cartilage and bone. 

Tuell ™ stated that prolonged intravenous 
use of polyethylene tubing sometimes causes 
thrombophlebitis in the vein containing the 
tube. Tissue reactions are stated to arise 
from dicetyl phosphate in the mix or from 
the breakdown products of polyethylene 
which have been extruded at 250 C. 

Oppenheimer '*° found that malignant 
tumors including sarcomas were produced 
in groups of rats and mice by subcutaneous 
imbedding of polyethylene. 

Summary.—Polyethylene is a_ perfectly 
safe, nontoxic, inert material. It can be 
used as a surgical repair material both in 
and out of the body. Occasional tissue re- 
action can occur, probably only in the 
sensitive person. 


XI. Polyester Resins 

The polyester resins are used in the man- 
ufacture of reinforced plastics for automo- 
bile bodies, boats, and translucent panels, 
and in Dacron textiles. They are excellent 
for the formation of artificial limbs. 

They are weather-resistant, can be formed 
with low pressure, are strong and colorful, 
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and are compatible with many fillers. Very 
little has been reported concerning their 
relative toxicity. The end-products contain- 
ing polyester resins are considered to be 
inert and nontoxic. Some of the organic 
peroxides used in their manufacture pre- 
sent safety and dermatology problems. 


Polyester resins and glass cloth are used 
to form artificial limbs of light weight and 
great strength. Virtually no one seems to 
be allergic to this material.** 

Lieber *® said polyester resins may have 
a dermatitis effect in people who have hered- 
itary hypersensitivity. 

Summary.—The polyester resins are rela- 
tively inert, nontoxic materials. Virtually 
no one appears to be allergic to them. 


XII. 


The silicones are used for insulation for 
generator coils, auto polishes, waterproof 
coatings, silicone rubber, and circuit break- 
ers. They are used in the medical field ™ 
in needles, syringes, tubing, and in ointment 
bases. 


Silicones 


It is reported that silicones ™ in protective 
creams, suntan lotions, and other pharma- 
ceutical preparations are nonsensitizing and 
nonirritating. 

Schoog *® found no evidence of silicone 
causing skin irritation and felt that it was 
safe to use it as an ointment base. 

Lesser ™ stated that silicone fluids are 
practically inert physiologically and appear 
to be nontoxic. They have little or no effect 
when administered up to 2% of body weight. 
Certain silicone fluids cause a transitory 
conjunctival irritation in the eye but no 
corneal damage. Silicone-containing foods 
fed to rats showed a low order of toxicity. 
In skin tests silicone showed no irritation. 
Silicones used in the medical field in needles, 
syringes, taping, etc., are chemically inert 
and have no effect on blood samples taken 
for hematologic, bacteriologic, or biochemi- 
cal study. 

Taylor *® reviewed the properties and 
their effects of the silicates and silicones. 
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Walker 77 studied the toxicity of silicone 
insulation in submarines. 

Cutting 78 noted that DC 200 silicone pro- 
duced renal tubular damage when fed as 1% 
of the diet of rabbits for three to four 
months. DC Antifoam A caused widespread 
cellular infiltration in the kidneys and the 
liver when fed as 0.25% to 1% of the diet 
for the same period. 

MacDougall ™ reported that silicone rub- 
bers appeared to be nontoxic when used 
in tissue culture techniques. This was in 
contrast to results with vulcanized rubber. 

Poleman * noted no acute or chronic toxic 
effects of methyl polysiloxane, antifoam sili- 
cone emulsion, and the resin used for coat- 
ing capsules. 

Rowe studied methyl silicones, methyl 
phenylsilicones, and methyl polysiloxane 
and found them to be relatively nontoxic. 
He reported that DC Antifoam A is very 
low in chronic oral toxicity but did cause 
transitory conjunctival irritation but no cor- 
neal damage. 

Lehman *'? found methyl polysiloxane 
satisfactory for treating paper for food- 
packaging applications. 

Coppack ** reviewed the toxicological 
problems of silicones and plastics associated 
with organic chemicals in food processing. 

Oppenheimer '® noted malignant tumors 
were induced from imbedding silastic (sili- 
cone) in rodents. 

Summary.—The silicones are practically 
physiologically inert and nontoxic. They 
may cause a transitory conjunctival irrita- 
tion when introduced into the eye but no 
corneal damage. Silicones are nonsensitiz- 
ing and nonirritating. 


XIII. Polystyrene 


Polystyrene resins are used in the manu- 
facture of kitchen housewares, refrigerator 
parts, food packaging, toys and novelties, 
wall tiles, and light fixtures. 

Goggin ** stated that polystyrene is non- 
toxic and in molded form has no taste or 
odor. 
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Lehman ** approved of the use of poly- 
styrene as a food-packaging material. 

Patty ™ stated that polystyrene is inert; 
however, the antioxidants and _ stabilizers 
may cause dermatitis. 

Struthers “ reported that polystyrene may 
be used in contact with the skin and food 
without danger. Polystyrene, free from low 
molecular weight polymer or addition agents, 
presents no health hazard from oral inges- 
tion. 

Oppenheimer '* reported that malignant 
tumors have resulted from imbedding poly- 
Styrene in rats. 

Lieber® stated that polystyrene resins 
may have a dermatitis effect in many people 
who have hereditary hypersensitivity. 

-armeggiani and associates® stated that 
nervous excitation, leukopenia, and occa- 
sional dermatitis followed exposure to ethyl- 
benzene among polystyrene workers. 

Summary.—Polystyrene presents no 
health hazard from oral ingestion or skin 
contact, being inert and nontoxic. In its 
manufacture some hazards are encountered, 
especially from ethylbenzene. Dermatitis 
can occur. 


XIV. Vinyl Resins 


The vinyl resins are used in the manufac- 
ture of floor tiling, packaging film, rainwear, 
toys, upholstery material, pipe and pipe fit- 
ting, valves, electrical insulation, sponge, 
machine and structural parts, and metal 
and fabric coatings. They are used for 
plastic blood-transfusion equipment and an- 
atomical repair film. 

Plastic blood-transfusion equipment 
made of vinyl with nylon and phenolic 
molded parts has no toxic properties. 

According to Lehman, several of the 
vinyl resins have been found to be satisfac- 
tory for food-packaging materials. 


Morris ** studied the dermatological and 
chemical aspects of the vinyl plastics. 
Patty *® stated that vinyl chloride and vinyl 
acetate plastics have proved to be inert; only 
their antioxidants and stabilizers have ad- 
verse physiological effects. 
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Pulaski * noted no signs of toxicity when 
large amounts, even up to 20 liters, of poly- 
vinyl pyrrolidone had been given to human 
subjects. There is some storage of polyvinyl 
pyrrolidone in the tissues. He also stated 
that a decision as to the presence of chronic 
toxicity has not been determined as yet. 

Armstrong *! stated that dextran and 
polyvinyl pyrrolidone are much superior to 
saline in the maintenance of blood volume 
after venisection. Systemic allergic reac- 
tions occurred in some subjects who re- 
ceived dextran but in none who received 
polyvinyl pyrrolidone. 

Bernhard ® stated that polyvinyl pyrroli- 
done is not toxic, antigenic, pyrogenic, or 
infectious. 

Lesser ® stated that polyvinyl pyrrolidone 
is nontoxic by oral administration, skin ab- 
sorption, inhalation, or injection. Studies 
made on its storage in the body do not 
show any toxic effects. 

However, Hueper®* has reported poly- 
vinyl pyrrolidone to be carcinogenic to rats, 
and Lusky and Nelson ® produced fibrosar- 
coma in rats with multiple subcutaneous 
injections. 

Wilson and McCormick! reported no 
signs of toxicity in a chronic study of a 
vinyl-vinylidene chloride copolymer with 
which rats were fed for two years and dogs 
for one year at a 5% dietary level. Geon 
polyvinyl chloride ** was found least toxic 
in a series of experiments on resins for use 
in the chest cavity. Vinyl copolymers and 
polyvinyl alcohols are reported under study 
for anatomical repair purposes. 

Oppenheimer '-*° did note that some ma- 
lignant tumors resulted from imbedding 
polyvinyl chloride film in rodents. 

Hedri and associates ® stated that poly- 
vinyl chloride V-10 is considered unsuitable 
for use in surgery due to toxic effects in 
the liver, kidney, and spleen of dogs and 
mice. These effects appear to be related to 
high monomer content and lead contamina- 
tion of the V-10. 

Roubal and Pokorny stated that acne 
on the face and forearms of workers han- 
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dling polyvinyl chloride sheets or products 
is caused by chlorinated naphthalene. Addi- 
tion of paraffin to prevent adhesion facili- 
tates the rise of this chemical to the surface 
and should be avoided. 

Tuell ™ stated that polyvinyl chloride does 
not change chemical composition upon auto- 
claving. 

Parmeggiani ® stated that in the manufac- 
ture of polyvinyl chloride only slight signs 
of irritation existed. 

Summary.—The vinyl resins are used for 
a variety of purposes. Polyvinyl pyrroli- 
done (PVP) is nontoxic and can be used 
in the human body. Polyvinyl chloride 
(PVC) has been stored with little reaction 
in the chest cavity. Some slight skin irrita- 
tions have been observed in workers manu- 
facturing PVC. 


XV. Polyurethanes 


This class of polymers is relatively new, 
having been commercialized in the United 
States primarily during the past decade. 
They are high molecular weight polymers 
and may be used in the manufacture of ad- 
hesives, plastics, rigid or elastic foams, or 
synthetic rubber. 

Finished polymers are rather inert chemi- 
cally and no more hazardous than more 
common plastics or rubbers. 


The polymers are manufactured from a 
class of materials called diisocyanates. 
These materials present serious inhalation 
hazards. Common raw materials are toluene 
diisocyanate (TDI), methylene bis (4-phenyl 
isocyanate) (MDI), and para phenylene 
diisocyanate (PPDI). 

In general, all the diisocyanates so far 
investigated show similar toxicological prop- 
erties. Animal experimentation and limited 
human experience indicate that this type of 
chemical is extremely hazardous via inhala- 
tion. In acute inhalation studies on TDI, 
Zapp * found that 600 ppm for six hours 
was lethal to rats, while 60 ppm was not. 
Animals which died showed acute pulmo- 
nary congestion and edema. Six exposures, 
averaging 9 ppm, killed three of six rats. 
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Thirty six-hour exposures of 1 to 2 ppm 
caused microscopic evidence of tracheobron- 
chitis. Zapp concluded that TDI is a rather 
powerful irritant to the eyes, skin, and 
respiratory tract. Chronic exposures to 1 
to 2 ppm of TDI resulted in bronchitis in 
experimental animals with the attendant 
hazard of bronchial pneumonia. 

Zapp ' stated that, although polyisocya- 
nate polymers are physiologically inert, the 
monomers may cause irritation to the skin, 
eyes, and respiratory tract and allergic re- 
actions. Polyurethane foam plastics caused 
virtually no skin irritation or sensitization. 
Pyrolysis products show some toxicity but 
are not more hazardous than those of other 
elastomers tested. 

Industrial use of TDI has caused many 
cases of asthmatic type reactions, some very 
serious. 

The high inhalation toxicity is reflected in 
the fact that the threshold limit value for 
TDI is 0.1 ppm.!® 


It is interesting to note that the odor 
threshold of TDI is about 0.4 ppm, and this 
means that odor cannot serve as a warning 
of hazardous concentrations. 

Summary.—The polyurethanes are a rela- 
tively new class of polymers. The finished 
polymers are inert chemically and present 
no toxic hazards. 

During manufacture severe industrial 
health hazards occur because of the use of 
isocyanates. These compounds can be lethal 
and in small amounts are very irritating to 
mucous membranes, producing an asthmatic 
type of effect. Great care must be taken 
in their use. Close medical supervision of 
workmen is desirable. 
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The effect of organic solvents on specific 
enzyme systems has been demonstrated in 
several instances.’* A preliminary report 
from this laboratory* has shown that a 
single exposure of male rats to 1,000 or 
1,500 ppm of carbon tetrachloride vapor 


results in marked increases in serum 
glutamic-oxalacetic transaminase (GOT) 
and in serum xanthine oxidase. Serum 


esterase values are decreased after such ex- 
posures. In view of these findings, it was 
felt that a more detailed study of the effect 
of carbon tetrachloride on these enzyme 
systems might provide information on the 
relationship between magnitude of enzyme 
response and the degree of exposure. 

The present paper is a study of the 
effect of single and repeated exposures to 
various concentrations of carbon tetrachlo- 
ride vapor on serum enzyme levels of both 
male and female rats. Since exposure to 
carbon tetrachloride vapor may affect the 
animals’ food intake, the effect of inanition 
on serum enzyme levels has been investi- 
gated. In addition, the in vitro effect of 
carbon tetrachloride on serum enzymes has 
been studied in an attempt to clarify the 
nature of the changes in enzyme levels re- 
sulting from exposure to carbon tetrachlo- 
ride vapor. 


Experimental Procedures 


Male and female rats of the Sprague-Dawley 
strain, 150-200 gm. in weight, were used in these 
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A Study of Carbon Tetrachloride 


I. The Effect of Carbon Tetrachloride Inhalation on Rat Serum Enzymes 


HERBERT H. CORNISH, Ph.D., and WALTER D. BLOCK, Ph.D., Ann Arbor, Mich. 


investigations. The animals were maintained on an 
ad libitum diet of Purina Laboratory Chow. 
Exposures to known concentrations of carbon 
tetrachloride were carried out in a dynamic ex- 
posure chamber, according to the procedure de- 
scribed by Ball and Kay.* Chamber concentrations 
were checked during the course of the exposures 
by a modification of the method of Peterson et al5 
and were found to be within 10% of calculated 
values. At specified times after exposure the ani- 
mals were stunned and bled. Enzyme activities 
were determined on the blood serum obtained from 
each animal. Thirty air-exposed rats of the same 
age and weight were used for the determination 
of control levels of these enzymes in rat serum. 
Serum esterase activity was determined by the 
Gomori colorimetric technique,® xanthine oxidase 
activity by the method of Westerfeld et al.,’ and 
glutamic-oxalacetic transaminase (GOT) activity 
by the procedure of Steinberg et al.* Since the 
ratio of liver or kidney weight to whole body 
weight is a sensitive index of organ damage, these 
ratios were calculated for each animal studied. 


Results 


Control values and standard deviations 
for the activity of these enzyme systems in 
rat serum were glutamic-oxalacetic trans- 
aminase (GOT), 171+41 units per milliliter 
of serum at 25 C; xanthine oxidase, 
191+ 45yg. xanthine per milliliter of serum 
per hour, and esterase, 8.0+1.8 mg. phenol 
per milliliter of serum per hour. 

Effects of a Single Exposure of Carbon 
Tetrachloride Vapor—ligure 1 illustrates 
the effect of a single four-hour exposure to 
various concentrations of carbon tetra- 
chloride vapor on serum GOT, xanthine 
oxidase, both male and 
female rats. These values are expressed as 
percentages of the control levels, which are 
taken as 100%. 

After a single four-hour exposure to 1,500 
ppm of carbon tetrachloride vapor (Fig, 


and esterase in 
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AFTER EXPOSURE 


Fig. 1—The effect of a single four-hour exposure to carbon tetrachloride vapor on rat 


serum esterase, xanthine oxidase, and glutamic-oxalacetic transaminase (GOT). Male rats, 


open circles; female rats, closed circles. 


14) both male and female rats showed sim- 
ilar striking changes in serum enzyme levels. 
Serum GOT activity increased to approxi- 
mately 750% and xanthine oxidase to 250% 
of control levels 24 hours after exposure. 
live days after the exposure these serum 
enzyme activities had returned to normal 
levels. 

ligure 1B illustrates the effect of a single 
four-hour exposure to 1,000 ppm of carbon 
tetrachloride vapor. The response of female 
rats is much greater than that of the male 
rats under these exposure conditions. Serum 
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GOT in the female rats rose to approxi- 
mately 800% of control levels, while male 
GOT values increased to 2756 of control 
levels 24 to 48 hours after exposure. Serum 
xanthine oxidase increased to 285 in 
females and to 180° of control values in 
the male rats. Serum esterase was essentially 
unaltered. 

After a single four-hour exposure at 250 
ppm of carbon tetrachloride (Fig 1C) the 
difference in response between male and 
female rats is still evident. Serum GOT in 
the female rats rose to 250% of control 
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Fig. 2—The effect of daily exposure to carbon tetrachloride vapor on rat serum esterase, 


xanthine oxidase, and glutamic-oxalacetic transaminase (GOT). 


female rats, closed circles. 


levels, while in the male rats it rose to ap- 
proximately 160%. Serum xanthine oxidase 
in female rats was questionably elevated, 
135% of control values, while male rats 
were unaffected. Serum esterase values were 
not significantly altered at this level of ex- 
posure, 

After a four-hour exposure to 50 or 100 
ppm of carbon tetrachloride, no significant 
changes in serum enzyme levels were found 
in either male or female rats. 

Effect of Repeated Exposures to Carbon 
Tetrachloride Vapor.—The effects of re- 
peated daily exposure to various concentra- 
tions of carbon tetrachloride are 
illustrated in Figure 2. Daily exposure of 
female rats at 250 ppm for six hours (Fig. 
2A ) -resulted in an elevation of serum GOT 
to 360% and xanthine oxidase to 235% of 
control levels 24 hours after the first ex- 
posure. Male rats receiving the same ex- 
posure showed a gradual increase in serum 
GOT to 270% and in xanthine oxidase to 


Cornish—Block 


vapor 


Male rats, open circles; 


220% of control levels. These enzymes in 
the male did not reach their peak levels until 
the eighth day of exposure. Serum esterase 
values in both male and female rats declined 
gradually over a five- to six-day exposure 
period to approximately 50% of control 
values, 

The results of a six-hour daily exposure 
to 100 ppm of carbon tetrachloride vapor are 
presented in Figure 2B. Female rats ex- 
hibited a sharp increase in serum GOT 
(250%) after five days of exposure. These 
values dropped to near normal levels after 
this peak of activity, even though exposure 
was continued for a 10-day period. Xanthine 
oxidase levels in the female rats showed 
only normal variations during this contin- 
uous exposure, while serum esterase levels 
underwent a gradual decrease to approxi- 
mately 50% of control levels. Male rats 
showed only slight changes in serum enzyme 
levels during the 10-day exposure period, 
although serum esterase dropped to about 
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65% of control levels and then gradually 
returned to normal. With the same level of 
exposure (100 ppm), cutting the exposure 
time from six to four hours eliminated the 
serum GOT response that had been obtained 
in female rats with the six-hour daily ex- 
posure (lig. 2C). Serum xanthine oxidase 
activity was not affected in either sex by 
this level of exposure. Serum esterase 
values in female rats gradually decreased 
over a seven-day period to approximately 
50% of control levels. Serum esterase in 
male rats decreased to 65% of control levels 
and then returned to normal values, even 
though exposure was continued for the 10- 
day period. 

Daily exposure of male and female rats to 
50 ppm of carbon tetrachloride vapor had 
no significant effect on serum GOT or 
xanthine oxidase levels (Fig. 2D). Serum 
rats decreased 
to 50% of control levels by the fifth day 
of exposure and returned to control levels 


esterase values in female 


by the eighth day of exposure. Serum 
esterase values in male rats were not mark- 
edly affected by this level of exposure 
over a 10-day period. 

Liver and kidney weight to whole body 
weight ratios were not significantly altered 
by the 10-day repeated exposure periods of 
250, 100, or 50 ppm of carbon tetrachloride. 

Effect of Inanition on Serum Enzyme 
Levels. 


age and weight as those used for inhalation 


Male and female rats of the same 


experiments were studied for a nine-day 
period followed by a five-day fasting period. 
Animals were allowed water ad libitum. The 
growth curves and subsequent weight losses 
on fasting for both male and female rats 
are presented in Figure 3. Both male and 
female rats exhibited a slight increase in 
serum GOT to 140 to 170% of control 
values on the first or second day of fasting. 
These values returned to control levels the 
following day and remained normal through- 
out the remainder of the fasting period. 
Serum xanthine oxidase and serum esterase 
values remained within the normal range of 
values during the five-day fasting period. 
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Fig. 3—Changes in rat weight during nine days 
on a normal ad libitum diet followed by five days 
of fasting. Male rats, open circles; female rats, 
closed circles. 


The liver weight to body weight ratios 
for both male and female rats dropped 
rapidly during starvation from a_ control 
level of 482+0.25 to an average of 
2.58+0.10 at the end of the five-day period. 
Kidney weight to body weight ratios were 
not appreciably altered by this five-day 
fasting period. 

In Vitro Effect of Carbon Tetrachloride 
on Serum Enzymes.—Carbon tetrachloride, 
(0.2 ml., was added to 2 ml, samples of con- 
trol rat sera. The tubes were stoppered, 
mixed for 10 minutes, and centrifuged in the 
manner described by Affonso, Mitidieri, 
Ribeiro, and Villela.2 The supernatant se- 
rum was used for the determination of se- 
rum GOT, xanthine oxidase, and esterase 
activity. The results obtained for two such 
samples are presented in the Table along 
with the control values obtained with the 


In Vitro Effect of Carbon Tetrachloride 
on Rat Serum Enzymes 


Xanth, Ox., 
ug, Xanth/ Esterase, Mg, 
GOT, Units/ Ml. Serum/ Phenol/M1. 


MI. Serum Hr. Serum/Hr. 
Serum A 176 214 10.3 
Serum A, CCl, 
added 176 194 10.5 
Serum B 130 152 96 
Serum B, CCl, 
added 119 158 9.9 
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untreated samples. The enzyme activity of 
the carbon tetrachloride treated samples 
showed no appreciable variation from that of 
the untreated samples for any of the three 
enzymes studied. 


Comment 

An attempt has been made in these studies 
to correlate the degree of exposure to carbon 
tetrachloride vapor with the magnitude of 
the serum enzyme response. At an exposure 
level of 1,500 ppm of carbon tetrachloride 
for four GOT and serum 
xanthine oxidase activities are greatly in- 


hours serum 
creased, while serum esterase levels drop to 
506% of control values. As the degree of ex- 
posure is reduced the enzymatic changes 
become less pronounced, thus a single four- 
hour exposure to 50 or 100 ppm of carbon 
tetrachloride produced no significant changes 
in the serum enzyme levels. At 250 ppm 
for four hours increases in serum GOT 


activity could be demonstrated in both male 
and female animals. It would appear that 


in the rat a single four-hour exposure to 
amounts greater than 100 ppm of carbon 
tetrachloride are necessary before changes 
can be detected in the serum level of any of 
the three enzymes studied. 

When the exposure is continued over a 
10-day period, significant changes in serum 
enzyme activity can be demonstrated at 
lower levels of exposure. At 250 ppm, six 
hours daily for 10 days, all three enzymes 
show marked variation from normal values. 
A similar exposure at 100 ppm resulted in 
an elevation of serum GOT in female rats 
and decreases in serum esterase level in both 
male and female rats. When this exposure 
was reduced to four hours daily for 10 days 
only the serum esterase levels were affected. 
Even at an exposure level of 50 ppm, four 
hours daily for 10 days, the serum esterase 
levels of female rats dropped to 506 of 
control values, while the esterase values in 
the male rats were not greatly altered. Thus 
it appears that in the female rat significant 
serum enzyme changes may be detected with 
exposures as low as 50 ppm over a 10-day 
period. 
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The sex differences that have been men- 
tioned are very marked at some levels of 
Thus a single four-hour ex- 
posure, to 1,000 ppm of carbon tetrachloride 
vapor results in a serum GOT response ap- 
proximately three times greater in the female 
than in the male. With repeated daily ex- 
posure at 250 ppm, female rats had eleva- 
tions of serum GOT and xanthine oxidase 
after the first exposure, while the response 


exposure. 


in male rats did not appear until the eighth 
day of exposure. In a similar manner, at an 
exposure level of 100 ppm, serum GOT in 
female rats did not show a marked elevation 
in enzyme activity until the fifth day of ex- 
posure. This delayed response would seem 
to indicate a cumulative effect of repeated 
low level exposures to carbon tetrachloride 
vapor. The sex difference in the response 
of rats to various drugs or toxic materials 
has been reported by other investigators.'¢™ 
The administration of testosterone to female 
rats or estradiol to male rats eliminates the 
sex differences in response in some cases." 

Since exposure to carbon tetrachloride 
vapors may affect the subsequent food con- 
sumption of the exposed animals, the effect 
of inanition on the serum enzyme levels was 
investigated. The data presented indicate 
that a five-day fasting period has only a 
slight initial effect on serum GOT. Serum 
xanthine oxidase and esterase levels were not 
affected by five days of fasting. Thus inani- 
tion due to carbon tetrachloride inhalation 
cannot be a major factor in the changes in 
serum enzyme levels reported in this study. 

The in vitro studies show that when nor- 
mal rat with 
tetrachloride in the manner described there 


serum is treated carbon 
is no demonstrable effect on the level of 
GOT, xanthine oxidase, or esterase activity 
as determined in these studies. This is in 
contrast to the findings of Affonso et al.® 
that treatment of serum with carbon tetra- 
chloride resulted in an activation of xanthine 
oxidase. The difference in findings may be 
due to the various methods used. Affonso et 
the 
manometric technique, while the present re- 


al. determined xanthine oxidase by 
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sults were obtained spectrophotometrically. 
Since treating normal rat serum with carbon 
tetrachloride does not significantly alter the 
level of enzyme activity, the enzymatic 
changes found in animals exposed to carbon 
tetrachloride vapors evidently represents a 
change in the level of active enzyme in the 
serum. The most obvious source of the in- 
creased of GOT 


serum 


amounts and xanthine 
the after carbon tetra- 


chloride exposure is from damaged tissue. 


oxidase in 


Since liver has a high concentration of these 
enzymes and is known to be readily damaged 
by carbon tetrachloride, it is the most likely 
source for the increases noted. Other tissues, 
however, may contribute to the variations in 
serum enzyme levels. The decrease in serum 
esterase activity must be explained by some 
other mechanism. It may be due to a de- 
creased ability of the liver to synthesize 
the esterase enzymes at the normal rate. 
Whether or not one can detect simultaneous 
changes in blood and tissue levels of enzyme 
activity remains to be investigated. 


Summary 


A single four-hour exposure of rats to 
1,000 or 1,500 ppm of carbon tetrachloride 
vapor results in marked variations in the 
level of serum GOT, xanthine oxidase, and 
esterase. The extent of enzymatic change 
bears a direct relationship to the degree of 
exposure. During repeated daily exposures 
over a 10-day period, changes in serum 
enzyme activity could be demonstrated at ex- 
posure levels of 100 and 50 ppm of carbon 
tetrachloride vapor. 
rat 


In general, the female 
more marked enzymatic 
response to carbon tetrachloride inhalation 
than does the male. 


exhibits a 


While increases in serum GOT and xan- 


thine oxidase may be due to release of 
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enzymes from damaged tissue, the decrease 
noted in serum esterase must be accounted 
for by some other mechanism, 
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Effects of Ultra-High-Frequency Radiation on Animals 


MARTIN LUBIN, M.D.; GEORGE W. CURTIS, M.D.; H. ROBERT DUDLEY, M.D.; LEO E. BIRD, B.B.A.; 
PAUL F. DALEY, A.E.E.; DAVID G. COGAN, M.D., and STEPHEN J. FRICKER, Sc.D., Cambridge, Mass. 


The possible harmful effects of ultra- 
high-frequency radiation on those working 
near powerful transmitters has become of 
increasing interest. In a previous paper,! 
concerned with a study of rabbits subjected 
to periodic doses of 400 megacycle whole- 
body radiation, it was reported that there 
was no evidence of cataract production. 
This result was in distinct contrast to the 
effects of radiation of a higher frequency 
(3,000 megacycles), which readily produces 
cataracts in animals after intense local irra- 
diation of the eyes.** 


In this paper, the results are reported of 
pathological studies on these rabbits * and 
on rats irradiated under similar conditions. 
The data presented lead us to believe that 
if animals survive the effects of repeated 
irradiation, no pathological damage attrib- 
utable to the radiation can be demonstrated. 
Our results do not preclude finding damage 
of a more subtle nature or of a variety for 
which we have not tested. 


Methods 


1. Selection and Care of Animals —The pro- 
cedure used for selection of rabbits to be irradi- 
ated, duration and intensity of 
measurement of 


irradiation, and 
power absorbed by rabbits is 
described in a previous paper.’ Rats were handled 
in a similar way. All rats (male, Wistar) were 
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housed and fed in identical fashion, and half of 
these were chosen by a random procedure for 
irradiation. Control and experimental rats were 
then kept separately, grouped six to a cage. 

2. Irradiation Procedure-—With only one rat 
placed in the wave guide, it was difficult to make 
accurate measurements of the power absorbed, 
as the amount absorbed was a small fraction of 
the total power flowing in the system. For this 
reason, a Lucite holder was made consisting of 
six cylinders, closely packed, so that six rats could 
be placed close to the center of the wave guide. 
The figure for power absorption was obtained by 
averaging over the six rats, which were always 
weighed as a group on the day of irradiation. 
Rats which served as controls were weighed at 
weekly intervals. Rectal temperature measurements 
were made on one member of each group of six 
rats, before and after irradiation. In addition the 
eyes of each rat were examined with an ophthalmo- 
scope before and after the series of irradiations. 
For examination of the eyes and for the autopsies, 
control and experimental animals were identified 
only by code number. 


Initial experiments were carried out with another 
small group of rats to determine the lethal dose 
of radiation. This seemed to be higher per kilo- 
gram of body weight for rats than for rabbits. 
Rabbits will die after irradiation of about 60 
mwatts * per square centimeter for 30-40 minutes. 
Rats seem to withstand this and die only when 
irradiation is in the range of 100-120 mwatts per 
square centimeter for half an hour. The average 
power absorbed at each exposure was 12+1 (s.e. 
of mean) watts per kilogram for rats given 100 
mwatts per square centimeter for 30 minutes 
(Table 1, Group 1). For rats receiving 60 mwatts 
per square centimeter for 20 minutes, the average 
absorption was 8.6+0.2 watts per kilogram (Table 
1, Group 2). 

3. Pathologic Methods.—Rats were killed within 
two weeks after the last exposure. Each rat was 
an tized with and heart’s blood with- 
drawn through an opened left hemithorax. Hema- 
tocrit and white cell counts were determined, and 
gross observations were made. Tissues were fixed 
in 10% formalin and embedded in paraffin. After 
sectioning, they were stained with hematoxylin and 


ether 


* Milliwatts. 
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ULTRA-HIGH-FREQUENCY RADIATION 


No. No. 
Exposures 


Rabbits 


Group 1, Waveguide at #0 
mwatts/sq. cm. for 20 
min t¢ 
Controls 


Group 2, Waveguide at 60 
mwatts/sq. em. for 20 
min, 


Daily t 
Controls 
Daily § 
Controls 


Controls 


Controls 


Controls 


TABLE 2.—Summary of Exposures and Examination of Rabbits 


Pathological Changes * 


8 showed no significant abnormality; 2 showed chronic 
bronchitis; 1 acute bronchitis; 1 focal chronie pye- 
lonephritis 

9 showed no significant abnormality; 3 showed chronic 
bronchitis; 1 chronic bronchitis + interstitial pye- 
lonephritis; 1 chronie pyelonephritis; 1 broncho- 
pneumonia 


— mitotic activity. Mature sperm seen in 2 
} Normal mitotic activity. Mature sperm seen in 5 
| Normal mitotic activity. Mature sperm seen in 3 


Normal! mitotic activity. Mature sperm seen in 4 


* Interval between last exposure and death was two to three months. 


t Corresponds to Group B in Reference 1. 
t Killed four days after last exposure. 
§ Killed 10 days after last exposure. 


eosin. Sections of cerebellum were examined for 
possible changes in the Purkinje cells, molecular 
layer, and the overlying meninges; sections of 
stomach, duodenum, jejunum, and colon were ex- 
amined for any evidence of present or prior ulcera- 
tion or regeneration. Sections of the proximal 
distal femur were After 
evisceration, the carcasses were fixed in formalin 
with limbs extended and x-rays were made in a 
uniform manner to study any possible bone changes 
and to estimate different rates of growth. Spleen 
and thymus were examined for lymphocytolytic 
effects. Lungs, liver, kidneys, adrenals, and both 
testes were studied from each animal. 


tibia and examined. 


Similar techniques were used in examination of 
the rabbits. The testes of all rabbits were examined 
microscopically. Particular emphasis was placed on 
looking for the preservation of a normal matura- 
tion sequence. Complete microscopic examinations 
were made of rabbits of Table 2, Group 1. Only 
selected microscopic studies were performed on 
other rabbits referred to in a previous paper.’ 


Results 
The 


summarized in 


observations made on are 
Table 1. No significant 
differences in weight gain, skeletal size, 
hematological measurements, or 
between 


rats 


anatomic 
control irradiated 
groups were observed.} Pathologic changes 
attributable only to infectious diseases were 
observed in both control and experimental 
groups. Chronic disease was accompanied 


findings 


+ Normal white blood count for rats averages 
about 9,000 per cubic millimeter.’ The leukocytosis 
seen in both control and experimental animals may 
have resulted from anesthesia. 


Lubin et al. 


by reduced skeletal size and body weight. 
No evidence of gastrointestinal injury was 
seen, nor were any neuronal changes seen 
in the cerebellum. The testes were normal. 
result of the 


Two rats showed ocular disease 


No cataracts occurred as a 
radiation. 
(one corneal opacity, one cataract) before 
the start of the experiment and were placed 
in the control group. One rat which had 
been irradiated for 24 weeks showed bilat- 
eral lamellar opacities which were not noted 
before the irradiation period. These changes 
are similar to those sometimes noted in non- 
irradiated rats and are presumed to have 
arisen spontaneously during the course of 
the experiment. The absence of cataracts in 
rabbits irradiated with 400 megacycles was 
reported in a previous paper.! 

In Table 2, 


tions made on rabbits are shown. Autopsies 


the exposures and observa- 


were performed on the same animals for 
which ophthalmological observations were 
No patho- 
logical change was found which could be 
attributed to the irradiation. Mitotic activity 


reported in a previous paper.! 


was seen in the testes of all rabbits exam- 
ined. Changes were seen in maturation of 
spermatozoa both in control and experimen- 
tal groups with about equal frequency. 

A small group of rabbits was irradiated 
in free space.’ Microscopic examination 
was performed on three of these and failed 


to show any significant abnormalities. 
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Comment 


The experiments described fail to show 
any significant damage which can be attrib- 
uted to the effects of ultra-high-frequency 
radiation. However, they do not exclude 
the possibility of the production of chemical 
abnormalities not reflected in microscopic 
pathological changes or of genetic and de- 
velopmental changes. These possible effects 
were not encompassed by our experiments. 

The experiments of Boysen** clearly 
demonstrate that ultra-high-frequency radi- 
ation sufficient to kill a significant fraction 
of a group of rabbits will produce a variety 
of pathologic changes in the survivors. The 
experiments reported in this paper are not 
in conflict with Boysen’s results but show 
that if heating of the animal if not excessive 
no permanent damage can be demonstrated 
by careful pathological examination. The 
few experiments and microscopic pathologi- 
cal examinations performed on rabbits irra- 
diated in “free space”! gave results similar 
to those experiments performed with great- 
er precision in the wave-guide. 

With the reservations outlined above, the 
significance of these experiments for the 
protection of those working near transmit- 
ters lies in the demonstration that a large 
amount of ultra-high-frequency radiation at 
400 megacycles can be given over the whole 
body of animals without serious effect. 


Summary 
Twenty-nine rabbits and forty-four rats 
were subjected to repeated whole-body ex- 
posure with ultra-high-frequency radiation 
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at about 400 megacycles. About an equal 
number of animals served as controls. 


No pathological damage was found which 
could be attributed to the effects of radia- 
tion. 


We wish to thank Dr. Harriet L. Hardy for 
her advice and support in these experiments. 


Occupational Medical Service, Massachusetts In- 
stitute of Technology. 
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A Profile of Dispensary Visitors in an Atomic Energy 


Research and Development Plant 


JOHN G. HIPPS, M.D., Sc.D., and RAYMOND E. MASTERS, M.D., Pittsburgh 


Introduction 


Maintenance of an optimum state of 
health in industrial workers has become of 
increasing importance throughout the na- 
tion’s industries. Efforts to achieve this 
objective have been greater perhaps in the 
atomic-energy field because it is a relatively 
new industry in which unique problems are 
presented, requiring special efforts to solve. 
Nevertheless, many of the medical activities 
in this field are the same as in conventional 
industries, This paper deals with the serv- 
ices that are provided in the dispensary 
phase of an atomic-energy plant’s medical 
program. It includes that which is similar 
to other industries as well as that which is 
unique to this particular plant. 


Characteristics of the Plant 


The plant is a research and development 
division of a large corporation with a work- 
ing population of about 4,000 persons. There 
is an unusually large number of highly 
trained employees; approximately 309% of 
the total are college graduates. Twenty-two 
per cent of the total have bachelor’s degrees, 
six per cent have master’s degrees, and two 
per cent have doctor’s degrees. A comparison 
of degree employees at this plant with all 
employees of the parent corporation was 
made to emphasize the uniqueness of this 
feature. In the entire corporation, 4% of 
the total have bachelor’s degrees, 0.7% have 
master’s degrees, and 0.2% have doctor's 
degrees. In addition to the college graduates 
at the research and development division, a 
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Bettis Plant, operated for the United States 
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tric Corporation. 


large proportion of the nonprofessional em- 
ployees have had special training beyond 
high school; electronics and mechanics were 
the commonest. There is a male-to-female 
employee ratio of 5:1. 

Facilities for providing the industrial 
medical services consist of the health center 
and three dispensaries; the latter are stra- 
tegically located throughout the laboratory. 
Personnel include two full-time physicians, 
two part-time physicians, six registered 
nurses, two medical technologists, and three 
clerks. The services are preventive in nature 
and are based on comprehensive preplace- 
ment and periodic examinations, complete 
care for occupational injuries and illnesses, 
and emergency care for nonoccupational ill- 
nesses. Periodic examinations include a 
variety of laboratory tests and special ex- 
aminations that are performed on those per- 
sons working with potentially hazardous 
materials. 


Profile of Dispensary Visitors 


The material presented in the following 
paragraphs and accompanying tables covers 
a 12-month period. Some of the data were 
collected on routine records kept by dis- 
pensary nurses. For all patients seen by the 
physician a special card, Form 1, was used 
to collect more detailed information in a 
standardized way (Figure). 

Table 1 shows a grand total of 34,563 
visits for the 12-month period. Of this 
number, 21,265 were nonindustrial first 
visits and 5,692 were nonindustrial revisits. 
Of the remaining 7,606 visits, 5,221 were 
industrial first visits and 2,385 were in- 
dustrial revisits. These figures show there 
was approximately one revisit for every two 
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FORM 1 


DISPENSARY CARD 


SEEN BY 


DEPARTMENT. 


FINDINGS 


IMPRESS LON 


TREATMENT 


DISPOSITION: Work 


F. U. Date 


Ind. Hyg. 


FOLLOW-UP 


Figure 


industrial visits and one revisit for every 
three and one-half nonindustrial visits. This 
is probably a high dispensary visit activity 
compared to most industrial plants and is 
brought about by a variety of factors; the 
most important ones are the following: 

1. A plant policy that requires all em- 
ployees who are absent from work for ill- 
ness two days or more to be approved by 
the medical department for return to work.* 

2. Acceptance of the medical department 
by the employees. 

3. The potential hazards of the plant re- 
quire periodic tests and examinations of 
certain employees. 

Table 2 shows the breakdown of causes 
for industrial visits. Injuries accounted for 
2,330, or 44.5%, of the total visits; incidents 
accounted for 454, or 9.0°; routine analyses 
accounted for 1,700, or 32.56; and physical 

*A special absenteeism study has shown that 
this policy is followed in about 50% of cases. 
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therapy visits accounted for 549, or 10.5%. 
The remaining 188, or 3.5%, were accounted 
for by 10 cases of metal and chemical in- 
toxications, 2 cases of dermatitis, and 176 
vital capacity and body weight determina- 
tions. The per cent of injuries is probably 
lower than in the average American industry 


because the plant is concerned primarily 


with research and development rather than 
with production, Industrial visits are consid- 
erably increased, however, by visits for 
incidents and for routine tests. Incidents 
refer to the possible or actual overexposure 
to potentially hazardous materials. Routine 
tests include the performance of special tests 


TABLE 1.—Dispensary Visits by Industrial, 
Nonindustrial, and Total Visits 


Type Ist Visit Revisit Total 
Industrial 
Nonindustrial 


All visits 


5,221 
21,265 
26,486 


7,606 
26,957 
34,563 


Vol. 21, June, 1960 


— 
: 
NAME PHONE_ 
SYMPTOMS 
Occupational: YES NO 
, Home , Disp. » Self 
, O.K, RTW , Not 0.K. RTW 
» Safety » Other 
DATE DATA 
= 
34 
8,077 
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TaBLe 2.—Breakdown of First Visits to the 
Dispensary for Industrial Reasons 


Reason No. Visits 
Injury 

Incident * 

Special urine analysis 
Physical therapy 
Other ¢ 


2,330 


Total 5,221 


* Exposure to potentially hazardous agents without any ac- 
companying objective signs. 

+t Uranium, gross radioactivity, plutonium, and beryllium 
urinalysis. 

t Includes metal and chemical intoxications, industrial der- 
matitis, and vital capacity and body-weight determinations. 


and collection of urine specimens from per- 
sons who are working in areas where there 
is potential exposure to hazardous materials. 

All patients examined by the physician 
were first seen by the nurse and were re- 
ferred for evaluation of the following: 

1. Ability to remain at work in the pres- 
ence of acute nonindustrial illness and in- 
jury. 

2. Capacity to return to work after ab- 
sence for nonindustrial illness, injury, and 
operation. 

3. Reasons for frequent dispensary visits. 

4. Presence of suspected emotional dis- 
orders. 

5. Frequent absenteeism, change in usual 
behavior, and problems of interpersona! re- 
lations in employees, at the request of the 
supervisor. 

6. Symptoms in which there was a ques- 
tion of whether the illness was industrial 
or nonindustrial, e.g., musculoskeletal com- 
plaints. 

7. Potentially serious symptoms, e.g., 
chest pain and abdominal pain. 

8. Chronic illness counseling at the re- 
quest of the employee. 


TABLE 4.—Dispensary Visitors Seen by the 
Physician According to Sex 


Sex No. Visits 


Male 2,296 
Female 270 


Total 2,566 


Hipps—Masters 


Taste 3.—Dispensary Visitor's First Visit, Seen 
by the Physician by Industrial, Nonindustrial, 


% All Visits 
Type No. Visits to Dispensary 
Industrial 441 8.5 
Nonindustrial 2,125 10.0 


Total 2,566 10.0 


Table 3 shows the number of dispensary 
visitors seen by the physician during the 
12-month period. A total of 2,566 patients 
were seen, which is 10% of all visits to the 
dispensary in this period. Of this total, 2,125 
were nonindustrial visits, which is 10% of 
all visits for nonindustrial reasons. The 
remaining 441 visitors seen by the physician 
were for industrial reasons, and this is about 
8.5% of all visits for industrial causes. 

Table 4 shows that of the total patients 
seen by the physician 2,296, or 89% were 
men and 270, or 11% were women. These 
percentages are approximately the same for 
all dispensary visits, including those seen by 
the nurses, although the figures to confirm 
this are not available. This is a male-to- 
female ratio of 8.5:1 in an all-plant male-to- 
female ratio of 5:1. The difference between 
the two ratios is primarily due to the fact 
that more men than women work in areas 
where industrial causes for dispensary visits 
are more likely. Furthermore, female visits 


for nonindustrial reasons are discouraged 
by the lack of privacy in the physical make- 
up of the dispensaries. 


Disposition of industrial cases is shown 
in Table 5. Of these, 154, or 35%, required 
no follow-up because of their minor nature, 

TABLE 5.—Disposition of Industrial Cases 
Seen by a Physician 
Disposition 
Self 
Dispensary 
Industrial hygiene department 
Safety department 
Private specialist 
Total 
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TABLE 6.—Disposition of Nonindustrial Cases 
Seen by a Physician 


Disposition No. % 


Work & self 


Work & family doctor 1,284 60 
Home & family doctor 330 16 
Dispensary 258 12 

Total 2,125 100 


One hundred sixty, or 30%, were seen one 
or more times by the physician before dis- 


charge. Forty-five, or 10%, were referred 


to the Industrial Hygiene Department when 


there was indication for some investigation 


of the job in relation to toxic materials. 


Thirty-seven, or 9%, were referred imme- 
diately to the Safety Department. Although 
all injuries were routinely reported to the 


Safety Department, reporting was not im- 


mediate except when indicated by the nature 


or severity of the injury. Forty-five, or 


10%, of the industrial cases were referred 


to private specialists (orthopedic surgeons, 


general surgeons, dermatologists, and oph- 


thalmologists ) either for evaluation or treat- 


ment. 


Disposition of nonindustrial cases is 
shown in Table 6. Of these, 253, or 12%, 
returned to work with no further treatment 
indicated. A further 1,284, or 60%, returned 
to work with the advice that they consult 
further with their family doctor for treat- 
ment or observation; 330, or 16%, were 
immediately sent home and to their family 


doctor for treatment. The remaining 258, or 


12%, returned to work and subsequently to 


the dispensary for follow-up observation or 
treatment. included those 
in which no immediate treatment was indi- 


These. cases 


cated because of the immediate state or 
severity of their symptoms and those who 
required some form of physical therapy for 
musculoskeletal complaints. 


The policy followed in treating nonin- 
dustrial illnesses is based on The Guiding 
Principles of Occupational Medicine by the 
Council on Industrial Health of the Amer- 
ican Medical Association and upon modifica- 


tions described by Kilgus in a paper entitled 
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TaBLe 7.—Extent of Nonindustrial Cases 
Seen by a Physician 


Treatment No. % 


No treatment 748 35 
Advice 349 17 
Single dose 237 ll 
1 -Work 575 27 
More than 1 day 216 10 

Total 2,125 100 


The Problems Confronting the Industrial 
Physician in the Handling of Non-Occupa- 
tional Illness and Injuries in Occupational 
Medicine. Table 7 shows the extent of treat- 
ment of nonindustrial cases. No treatment 


was indicated in 748, or 35%. For 349 
patients, or 17% of the group, treatment 
was purely advisory in nature. In 237 cases, 
or 11%, a single-dose treatment was given, 
and in 575 cases, or 27%, treatment for 
the eight-hour work day was given. In 216 
cases, or 10%, treatment for more than one 
day was given, These cases were primarily 
mild upper respiratory infections and minor 
musculoskeletal disorders. In most cases 
which were treated for more than one day 
the physician first satisfied himself that the 
patient had a good reason for being unable 
to see a private physician. In a small per- 
centage of cases treatment for more than 
one day was given when it appeared that 
the patient would not see a private physician 
for the purpose of preventing a minor illness 
from becoming a major one. 


Summary 


This is a brief description of the dis- 
pensary medical services in a research and 
development atomic-power plant. The mag- 
nitude of the services is presented, along 
with a discussion of the reason for visits to 
the dispensary, disposition of industrial and 
nonindustrial cases, and extent of treatment 
of the latter. Some emphasis has been placed 
on the physician’s participation as compared 
with the total services provided. 
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The Dynamics of Sulfur Dioxide Inhalation 


Absorption, Distribution, and Retention 


OSCAR J. BALCHUM, M.D., Ph.D.; JERZY DYBICKI, M.D., and GEORGE R. MENEELY, M.D., 


Nashville, Tenn. 


The combustion of coal and fuel oil has 
resulted in a considerable contamination of 
the atmosphere by SO2, amounting to as 
much as 2,000 tons per day in a large city 
such as New York.’ The effects of the 
chronic inhalation of low concentrations of 
this substance are of particular importance, 
as urban atmospheric concentrations usually 
do not exceed 0.5 to 1 ppm. This aspect 
of SOs toxicity has been admirably re- 
viewed by Greenwald.?- The Committee on 
Threshold Limits of the American Confer- 
ence of Governmental Industrial Hygienists 
in April, 1958, recommended that the thresh- 
old value for sulfur dioxide be limited to 
5 ppm (13 mg. per cubic meter).* This is 
of significance, since the physiological ef- 
fects of the inhalation of prolonged low- 
level concentrations of SOs in the human 
are essentially unknown. 

Many studies ** have dealt with the ef- 
fects of relatively short exposures and high 
concentrations of SOs, with observation of 
the symptoms and signs of the accompany- 
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ing irritation of the respiratory tract. Re- 
cently the physiologic effects of exposure to 
SO» have come under investigation.6* In 
addition, the rapidity of the absorption, 
distribution, and the length of time sulfur 
dioxide resides in plants*® and animals ' 
have been investigated. 

oth phases of this problem have been 
of interest to us. A study is in progress 
in which Sprague-Dawley rats are being 
exposed to 0, 1, 2, 4, 8, 16, and 32 ppm 
of SOs throughout their lifetimes and for 
24 hours each day. Observations include the 
length of life-span and the resulting histo- 
pathological changes. In addition, studies 
have been completed and are in publication 
regarding acute exposures of dogs to vari- 
ous concentrations of S*°Os, inhalation be- 
ing via a tracheostomy '!* and by nose and 
mouth breathing.'* It has been demon- 
strated in the former study that SOz tagged 
with is rapidly absorbed from the 
trachea and lungs and is distributed to all 
tissues examined, including the brain. A 
relatively high per cent retention of the 
inhaled gas by the trachea, lungs, hilar 
lymph nodes, liver, spleen, and kidneys 
occurred. The latter study indicated that 
when S*°Oz is inhaled through the nose and 
mouth in concentrations of from 1 to 141 
ppm a large proportion is deposited in the 
upper airways, a greatly reduced amount 
reaching the trachea, lungs, and other vis- 
cera. Even so, the smaller quantity of S*®O. 
reaching the lungs is absorbed and distrib- 
uted to all tissues, including brain and bone 
marrow. 

The concerned with 
three additional aspects of interest in regard 
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SULFUR DIOXIDE DYNAMICS 


Length of Inhaled Exhaled 
Trachael Cone. Cone. 
Seg. Exposed, 
Dog No., Wt. In. ppm ppm 


1 33 Ib. 4'9 45 17 
2 26 Ib. 2 91 66 


* In millimeters per centimeter H,:O pressure. 
+ In centimeters H;O pressure per liter per second 


to SOs transfer. These are (1) the extent 
of absorption of SO. from the trachea when 
it alone is exposed to SOx, (2) the length 
of time that SOs can remain in the tissues, 
and (3) the distribution of NasS*°O,y when 
injected into the blood stream, in contrast 
to the distribution after S*°O. inhalation. 


Methods and Results 


SO, Absorption from Trachea.—Two 
dogs were prepared so that an isolated seg- 
ment of the trachea could be perfused with 
an S*QOvs air-gas mixture, without the latter 
entering the main-stem bronchi or lungs. 
This was done by opening the chest in the 
midline through a sternum-splitting proce- 
dure and transecting the trachea about 1 in. 
above its bifurcation. A right-angle metal 
cannula was inserted into the distal trachea, 
and the lungs were ventilated only with air. 
A similar metal cannula was also inserted 
into the proximal part of the trachea, that 
is, the end just above the point of transec- 
tion. This cannula served as the port of 
entry of S*O.. The chest then was tightly 
sutured around the metal cannulae and the 
air remaining in the pleural space aspirated. 
A tracheal tube with a rubber cuff was 


inserted through the mouth, and its tip 


TaBLe 1.—Pulmonary Function in Dogs Exposed to S*O. only Through a Tracheal Segment in Vivo 


Decrease in Compliance of 
Lungs & Thorax * 


Increase in Pulmonary 
Resistance t¢ 


At End of 1 Hr. After At End of 


1 Hr. After 


Exp. Period, Exp., % Exp. Period, % Exp., % 


12 18 17 20 
2 d 4.5 0 


situated just below the larynx. S*Oz2 gas 
could thus be pumped from a Mylar bag 
into the trachea and collected in a second 
Mylar bag as it exited through the upper 
tracheal tube. The whole animal was placed 
in a body plethysmograph so that the com- 
pliance of the lungs and thorax and_ the 
pulmonary resistance could be measured.'*:™ 
Pulmonary function measurements were de- 
termined serially during a 30-minute control 
period while the animal breathed air, during 
an exposure period when SOs was pumped 
through the isolated tracheal segment at a 
constant rate, and finally during a one-hour 
postexposure period when the tracheal seg- 
ment was again perfused with air. The 
lungs were ventilated with air at all times 
by a respiration pump. 

There was an appreciable decrease in 
compliance in the first dog and less decrease 
in the second animal (Table 1). Both dem- 
onstrated an increase in pulmonary resist- 
ance. These changes in compliance are of 
the same order of magnitude as seen in 
animals having their trachea and lungs di- 
rectly exposed to SOs.) The increases 
in pulmonary resistance are significant in 
degree and never have been observed to 
occur spontaneously. They may be com- 


TasLe 2.—Per Cent Retention by Organs After Passage of S“O.s Through an 
Isolated Segment of Dog Trachea in Vivo 


Vol. Exp. Period, Total Activity ——————____________ 
Trachea Lungs 


Dog No. Min. S*, we. 


100 16 
2t 300 35 150 


Visceral © Retention of S** 


Liver Spleen Kidneys 


1 2. 


2 6 
6 38 


05 Jl 


to 


* Length of trachea exposed, 4 '¢ in. 
+ Length of trachea exposed, 2 in, 
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Taste 3.—Concentrations of in Tissues After 
Isolated Tracheal Segment Perfusion by 
in Vivo * 


Dog 1 Dog 2 


Trachea 

Lungs 

Hilar lymph nodes 

Liver 

Spleen 

Kidneys 

Esophagus 

Stomach 

Duodenum 

Jejunum 

End-exposure, venous blood 
End-exposure, arterial blood 


* In millimicrocuries per gram. 


pared to an average increase in pulmonary 
resistance of 230% as seen in animals whose 
lungs are directly exposed to SO! and 
47% in animals breathing SO, through the 
nose and mouth.'* 

S*O. was readily absorbed from these 
limited lengths of trachea (Table 2), and 
an appreciable amount of S* was detected 
in the lungs, liver, spleen, and_ kidneys. 
Tissue S*° (Table 3) determinations indi- 
cated that concentrations were greater in the 
lungs, hilar lymph nodes, and midesophagus 
than in the remaining tissues assayed. The 
tracheal concentration was, of course, many 
times that in any other tissue. 

Length of Time S** Remains in Tissues. 


Two dogs were exposed to S*°Os in the 
body plethysmograph via a tracheal tube 
inserted through the mouth.!* Definite de- 
creases in compliance (Table 4) and in- 


creases in pulmonary resistance occurred. 
They were then returned to their cages and 
autopsied two and seven days after expo- 
sure, respectively, and their tissues analyzed 
for S*° (Table 5). Ninety per cent or more 
of the S*Os per unit of gas-air mixture 
inhaled was retained (Table 4). Even at 
the end of seven days appreciable concentra- 
tions of S** were present in the tissues of 
the respiratory tract when compared to two 
animals acutely exposed to similar total 
amounts of S** via a tracheostomy (Dogs 8 
and 12, Table 5). The S* concentration in 
the other viscera and tissues was either very 
low or nil. Therefore, the trachea and lungs 
retain S** for as long as seven days after 
acute exposures to moderate concentrations 
of 

No S* was detected in the feces at any 
time, but the S*5 concentrations in the urine 
were 11.7 myc. per milliliter in Dog 3 two 
days after exposure and 0.7 myc. per milli- 
liter in Dog 4 seven days after exposure. 

Distribution of Intra-Arterially Injected 
Na,S**O,—One thousand microcuries of 
S* in the form of Na2S*°O, was injected 
into the femoral artery of a dog. Blood 
samples were taken for 100 minutes, and the 
dog was then autopsied. This time corre- 
sponds to that used in dogs which have 
inhaled S*°Os (40-minute exposure period 
plus a 60-minute postexposure follow-up 
period).'''8 The concentrations in the tis- 
sues and per cent retentions by the organs 
were very low. Only 0.06% was retained by 
the trachea and 0.2% by the lungs. The 


TaBLe 4.—Lung Function Tests During Exposure to S®O.-Tagged SO2* 


Compliance of Lungs 


SO; Re- 
tained, 


ug/Ib. 


SO; 
Inhaled, 
ppm 
ue/100 Ce. 


SO; 
Exhaled, 
ppm 
/100 Ce. 


Total ——— 
Exp. 
Dog No., Time, 
Wt. 
3 27 1b. 3024.1 
112 


42.5 19.4 19.6 


6615.4 


245 


4 27 1b. 40.0 22.6 22.0 


& Thorax t¢ 


— 


Min. Control Lowest Final 


Pulmonary Resistance t 


60 Min. 
After 
Exp. Control Lowest Final 


60 Min. 
After 


Exp. Autopsy 


19.6 18.8 


—3.1% 


54.0 66.5 


+23% 


66.5 54.5 2 days after 


SO: exp. 


21.8 21.6 


—4.4% 


27.4 55.0 


+101 % 


48.0 28.7 7 days after 


SO: exp. 


* Per Cent figures are increases and decreases, compared to control values. 


+ In millimeters per centimeter H :O pressure. 
¢ In centimeters H :O pressure per liter per second. 
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SULFUR DIOXIDE DYNAMICS 


TasLe 5.—S” Retained in 


Dog 3, Autopsied 
After 2 Days 


Dog 4, Autopsied 
After 7 Days 


Acute Tracheal Exposure 
% 8** Retained * 


St, % Sas 
Muc/Gm. Retained 


% 
Muc/Gm. Retained 


Dog 12 Dog 8 


Weight, lb. 7 
Exp. time, min. 42.5 
“ppm 15 
Total S ** retained, uc. 21.3 
Larynx 
Trachea 15 0.6 
Lungs 0.4 0.23 
Hilar lymph nodes 0 0 
Abdom. lymph nodes 0 0 
Right vent. muscle 0 0 
Left vent. muscle 0 0 
Liver 0 0 
Spleen 0 0 
Bile 0.7 _ 
Kidneys 0 0 
Urin. bladder 0 0 
Adrenals 0 0 
Pancreas 0.2 0.02 
Testes 2.4 0.14 
Thyroid 0 0 
Submax. gland 4.6 0.9 
Esophagus 0.6 
Fundus stomach 0.5 - 
Jejunum 
Brain 0 0 
Skin 0 0 
Muscle 0 0 
Eye 0.03 
Tongue 0.36 


7 43 28.5 
40 20 35.0 
33 11.2 29.8 
33.7 14.5 36.9 

14 0.07 

1.8 0.9 7.2 6.0 

0.42 0.11 6.9 2.4 

0 0 0.2 0.003 

3.5 0.06 _ - 

0 0 0.6 _ 

0 0 2.3 0.5 

0 0 27.4 10.2 

0 0 5.4 1.0 

0 0 

7.8 0.02 2.8 19 

0 0 = _ 

0 0 — - 

0 0 

1 0.01 

0 0 

1.5 

0.7 - 

0 0 _ 

0 0 0.6 - 

0 0 — - 

0 0 

0.1 


* Two dogs exposed via tracheostomy and autopsied 40 minutes after end of inhalation period. Figures given are in per cent of S** 
which was retained by animal which is present in organ or tissue. 


liver, spleen, kidneys, and brain retained 
4.6%, 0.26%, 0.3%, and 0.6%, respectively, 
of the administered radioactive sulfate. The 
concentrations in the trachea and lungs were 
much lower than those in animals inhaling 
S*®O» in amounts which were only 49 of 
the activity which had been given intra- 
arterially. The remaining tissue concentra- 
tions were similar to those found in dogs 
receiving by There- 
fore, S**° reaching the blood stream either 
after inhalation of S*Oz or by injection as 
NaeS**°O, is distributed and becomes local- 
ized in a similar pattern in tissues other than 
those of the respiratory tract. No localiza- 
tion in the tissues of the respiratory tract 
follows intravenous administration of radio- 
active sulfate. 
Comment 

When inhaled through the nose and 

mouth in concentrations as low as 1 ppm, 


Balchum et al. 


SOs is absorbed and reaches all tissues and 
viscera, including the brain.1™'% The ma- 
jority of the SO, (90% or more) is re- 
moved from an inhaled gas-air mixture and 
becomes localized mainly in the pharynx, 
trachea, lungs, and hilar lymph nodes. It is 
taken up from these sites of deposit, and a 
significant portion is found in the liver, 
spleen, and kidneys. 

The SOg in the trachea and lungs is only 
slowly removed from these sites and, accord- 
ing to our experiments, can remain in these 
tissues for at least one week. According 
to Bystrova,” radioactive sulfur may be 
found in the tissues of mice, especially in 
the lungs, for as long as three weeks after 
exposure. It was detected in the protein 
portions of the tissues. 

S** is readily excreted in the urine, but 
none was found in the feces. It was stated 
both feces and urine 


to be excreted in 
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by Bystrova,’® but in these experiments 
high concentrations of SOs were used and 
also a “priming dose” technique was used. 

It was demonstrated by our tracheal tran- 
spiration experiments that the tracheal mu- 
cosa, when alone exposed, can absorb SO2 
in sufficient amounts to affect pulmonary 
function. Similar tests were not carried out 
to test uptake by the mucosa of the nose and 
mouth. However, S*°O2 becomes deposited 
in these absorptive sites in high concentra- 
tions after nose and mouth breathing of 
this gas, and uptake into the blood most 
likely follows.” 

The chemical nature of SOs as it exists 
in the tissues and blood after absorption 
has little Bystrova has 
stated that SOx is attached in some manner 


been studied. 
to the proteins of the plasma and tissues. 
The mechanism by which pulmonary resist- 
ance and compliance are affected by SOs 
absorbed into the blood after tracheal expo- 
sure alone is unknown. 
after stimulation of nerve 
endings in the bronchi is possible, but a 


Reflex broncho- 
constriction 


direct effect upon smooth muscle also has 
to be considered. In our preparation the 
nerve supply to the isolated tracheal seg- 
ment as well as the bronchi and lungs was 
not disturbed. 


S*®, given as intra-arterially, 
did not become preferentially localized in 
the trachea and lungs and apparently became 
uniformly distributed throughout the body 
water. 


Summary 


SOx is readily absorbed from the upper 
and lower respiratory tract even when in- 
haled in low concentrations (1 ppm). It 
can be asbsorbed by the tracheal mucosa 
when the latter alone is exposed to a degree 
sufficient detrimentally to influence pulmo- 
nary function. After absorption from the 
sites of deposition in the trachea, bronchi, 
and lungs, it is distributed to all tissues, 
including the brain. It can still be detected 
in the trachea and lungs one week after 
exposure. The physiologic and metabolic 
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effects of the prolonged inhalations of low- 
level concentrations of SOs are unknown, 
and experiments are now in progress in an 
attempt to obtain further data on this aspect 
of the effects of the inhalation of low con- 
centrations of sulfur dioxide. 


Department of Medicine, University of Southern 
California School of Medicine, 2025 Zonal Ave., 
Los Angeles 33. 
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Microwave Radiation Hazards 


WILLIAM E, MORGAN, Seattle 


This is an age of man-made scientific 
phenomena. Articles on atomic energy, sat- 
ellites, supersonic aircraft, and electronic 
wonders seem to fill our newspapers and 
journals. 

Whenever man does not fully understand 
these scientific advances, he tends to place 
them in a supernatural category. In_ this 
aura of miracles and mystery, reports and 
rumors of fearsome side-effects on persons 
exposed to microwave radiation from radar 
beams have more than once found an inter- 
audience. Then, like rumors, 
they are passed on a little larger and blacker 
and soon all radar beams have become death 
rays. To eliminate this type of rumor, a 


ested most 


basic understanding of microwave radiation 
is needed by personnel in the field of health 
protection. 


What Are Microwaves? 


Microwaves originate as electromagnetic - 


impulses in a high frequency oscillator tube. 
The wave length of the impulses is relatively 


short, thus the term “‘micro.”” The waves are: 


carried through a wave guide to a trans- 
mitting antenna which ejects them into space 
at the speed of light. Energy from micro- 
wave radiation can be either reflected (in 
which case it is diverted back to the an- 
tenna) or absorbed by an object in the direct 
path of. the microwave beam. The total 
amount reflected or absorbed is dependent 
on the material being bombarded and _ the 
frequency and power density of the bom- 
barding microwave. 
Microwaves are classed in a band of the 
electromagnetic spectrum just above the 
Received for publication July 13, 1959. 
Radiation Hygienist, Boeing Airplane Company. 
Presented before the Annual Conference of the 
American Industrial Hygiene Chi- 
cago, Illinois, April 29, 1959. 


Association, 
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radio wave, which means that microwaves 
have a shorter wave length than radio waves. 
Airborne radar equipment eniploys several 
different wave lengths. S-band radiation, 
which contains longer wave lengths (10 
cm.), lower frequency (3,000 megacycles), 
and high power density, is used for general 
search work. The X- and C-bands are 
shorter (3 and 5 cm., respectively), with 
higher frequency (10,000 megacycles and 
5,000 megacycles, respectively), and are 
used for weather radar and height finders 
which require less power density. 

Some startling effects are produced by 
airborne radar. For example, under some 
conditions dry steel wool may be ignited. 
Photo flash bulbs have been set off at dis- 
tances up to 350 ft. Ignition of this type of 
material is possible due to the fine wires 
being heated to a point of incandescence 
when excited by microwaves. Fuel vapors 
can also be ignited by a microwave beam 
if there are metal chips or wires in close 
proximity. An electric potential is built up 
between two metal particles and if a dis- 
charge takes place, the resulting are ignites 
the fuel. This type of occurrence is uncom- 
mon, however, and normal precaution should 
eliminate the problem. 


Effects of Microwave Radiation 
on the Body 
The biological effects of microwave radia- 
tion are to a great extent dependent on the 
frequency or wave length and the average 
field density (power). When 
are absorbed by matter, they produce lo- 


microwaves 


calized heating. It is the nature of micro- 
waves that the shorter X- and C-band wave 
lengths cause maximum heating effects at 
the skin level, where they are most easily 
felt and dissipated. The longer wave lengths 
of the S-band induce greater heating in the 
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MICROWAVE RADIATION HAZARDS 


tissue below the skin. For the purpose of 
examining the effect of radiation, the body 
can be represented by a triple layer arrange- 
ment as shown in Figure 1. 

Microwave radiation at frequencies of 
3,000 megacycles and above is usually re- 
flected or absorbed by the outer layers of 
skin and seldom penetrates the deeper lay- 
ers. When radiation is absorbed it causes 
heating of the tissue. Since the skin layer 
contains most of the body’s nerve endings 
or sensory elements, overheating of this 
layer sends immediate warning to the brain. 
Of course, the brain tells the man he is 
getting too warm and to move; thus there 
is nO Overexposure. 

Radiation in the range between 1,000 and 
3,000 megacycles is capable of penetrating 
the skin and heating the fat layer. The 
amount of radiation absorbed in this layer 
is dependent on the thickness of skin and 
fat, which varies with each individual. 

l'requencies of less than 1,000 megacycles 
are more serious than the high frequencies 


because they penetrate both the skin and 
fat layers and heat the deep tissues of the 
body. This area of the body has fewer 
sensory elements and a possible overheating 
could occur before an adequate warning is 
sent to the brain. Injury does not occur in- 
stantaneously; however, chronic exposure 
to high levels may cause tissue damage. 
Tests have been conducted on small fur- 
bearing animals to determine the effects of 
microwaves. The first series of tests, which 
were highly publicized, revealed rather se- 
rious potential health hazards. While not 
rejecting the probability of some degree 
of hazard, | should like to point out that 


such tests do not necessarily apply to man 


for several important reasons, The small 
furry animal does not have an efficient heat 
regulating mechanism and elevating its body 
temperature to a critical point is relatively 
easy. Also, in these experiments the animals 
which eliminated their 
normal sensitivity to heat. 


were anesthetized, 


Fig. 1—Effect of microradiation on the body. 
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On the other hand, man is a relatively 
large subject with a very efficient heat reg- 
ulating system which can resist the effect 
of microwave heat more effectively. He is 
usually working in open areas where it 1s 
easy to lose body heat to the surrounding 
cooler air. Another important factor is that 
the animals were exposed to a stationary 
beam, whereas most humans are exposed 
to beams from rotating antennas which give 
the person exposed a chance to lose heat 
to the surrounding air between exposure 
intervals. 

Direct tests and experiments have not 
been possible with human beings, but com- 
plete physical examinations have been given 
to personnel occupationally exposed to mi- 
crowave radiation. The history of personnel 
exposure varied from a few days to greater 
than ten years. The results of these exam- 
inations have shown no significant evidence 
of any temporary or permanent body changes 
or injuries which could be attributed to 
microwave radiation, 

Control of Possible Hazards 

Certain controls have been put into effect 
to minimize the hazards of microwave radia- 
tion. At present, the main stem of these 
Air 
permissible power density level of 0.01 watts 


controls is a Force maximum 
per cm? This is the line drawn between a 
hazardous and a nonhazardous microwave 
radiation area, Due to the lack of knowledge 
of the exact relationship between time of 
exposure, frequency of the wave, and the 


M. A. 


Fig. 2—Determination of free space power density at microwave frequencies with an 
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average power density, a large safety factor 
was placed in the maximum _ permissible 
power density. 

The determination of free space power 
density at microwave frequencies can be 
accomplished with a minimum of equip- 
ment. Basically, this determination involves 
probing the microwave field with a calibrated 
wave guide horn, halfway dipoles or some 
other structure of known properties and 
measuring the received power flowing 
through a point at the end of the transmis- 
sion line. from this measurement the power 
density can be calculated using the follow- 
ing formula: 


Po 


A°2Gr 
where 
Po = power density in watts per cm* 
Pr = received power in watts 
Gr = absolute gain of receiving probe 


\ = wave length in cm. 

In practice, an instrument made of the 
following four components is used: a cali- 
brated wave guide horn, a detector mount, 
an attenuator, and a microwave power meter 
(Fig. 2). All the components are standard 
or stock devices and are easily obtained. 
By adjustment and calibration of the various 
component parts, a direct reading of power 
density in watts per cm.? can be obtained. 
When probing a microwave field, the mon- 
itor performs the initial measurements at 
some practical distance from the radiation 
and gradually works in toward the source, 
thus safeguarding the man and the instru- 


instrument made of the following four components: a calibrated wave guide horn, a detector 


mount, an attenuator, and a microwave power meter. 
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MICROWAVE RADIATION HAZARDS 


ment. When measuring a high radiation 
field, the monitor is protected by a micro- 
yave absorbing material called “Spongex.” 
This material resembles pig hair matted to- 
gether with a rubber-like substance. 

The microwave radiation hazard controls 
which follow are necessarily of a general 
nature because of the great variety of radar 
sets and their designs for different condi- 
tions and power output. Specific controls 
would be out of proportion for hazards in- 
volved with another type of radar. 

1. Avoid any exposure to radio-frequency 
energy having a power density of 0.01 watts 
per cm.* or greater. Areas accessible to 
transit personnel and having a power density 
equal to or greater than 0.01 watts per cm.* 
will be posted with a caution sign and flash- 
ing light, and should not be occupied for 
any length of time. 

2. Do not make detailed visual examina- 
tion of any microwave radiator, reflector, 
wave guide horn, or magnetron during 
periods of transmission. 

3. Limit the number of personnel having 
access to areas immediately adjacent to test 
stands or benches containing equipment 
radiating energy of hazardous power. Only 
those required to perform specific tests 
should be present. 


Morgan 


4. Use dummy loads, water loads, or 
other absorbent materials whenever possible 
to absorb the energy output of the trans- 
mitter while being operated or tested. 

5. When No. 4 cannot be complied with, 
provide absorbent screening to isolate test 
stands from each other or from adjacent 
administrative areas which may be affected 
by the microwave radiation. 

In conclusion, it is believed that repeated 
exposure to radar waves while observing 
proper precaution does not lead to any cumu- 
lative or chronic effects on the body. This 
seems to be proven by the lack of any evi- 
dence showing that anyone has been seri- 
ously injured working with radar 
equipment. There have been a few reports 


from 


in past years concerning alleged injuries, 
but it is the opinion of most medical scien- 
tists that the reported disorders were not 
caused by radar. This does not imply that 
there is no potential risk or hazard asso- 
ciated with microwaves, however. To guar- 
antee the safety of persons who work with 
radar, additional and extensive medical re- 
search should be provided. In the meantime, 
all radar equipment should be treated with 
full with the 
necessary hazards control information. 


respect and in accordance 


Boeing Airplane Company. 
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GERMAIN L. SCHMIT, M.D., Bethesda, Md. 


Introduction 


In the fall of 1957, and again in 1958, 
inoculation against influenza was offered by 
the I:mployee Health Service of the Na- 
tional Institutes of Health to all employees 
on a voluntary basis. Recalling previous in- 


fluenza immunization programs, many per- 


sons were concerned that the inoculations 


themselves might cause more disability in 


terms of absenteeism and reduced working 
efficiency than the disease itself might pro- 


duce. The present study was designed to 
obtain data on 


the nature and extent of 


reactions to influenza inoculations, using two 


different strengths of Asian strain vaccine 
and the 1958 polyvalent vaccine. 


Methods 


During the period, Oct. 14-27, 1957, monovalent 
Asian strain vaccine containing 200 CCA units per 
cubic 500 CCA per cubic 
centimeter, alternately, was given to 2,021 em- 
ployees. Influenza vaccine was offered to all em- 
ployees again in the fall of 1958 and 2,675 
employees participated. At this time two inocula- 


centimeter or units 


tions were recommended. The first was given from 
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Reactions to Influenza Vaccine Inoculations 


JOHN M. LYNCH, M.D.; MARY W. FOX, B.A.; WALTER R. THAYER, M.D., and 


Please return this to E.H.S., 
Bldg. 10, Rm. B2A13 within 10 days from 
date of inoculation. 


Check if you had any of the following: 


___. Fever ____ degrees, within 72 hours. 
—___ Chills, within 72 hours. 


wn 


____ Fatigue, within 72 hours. 

___ Nausea, within 72 hours. 

—___. Redness around point of injection. 
—_. Pain in arm after 24 hours. 


NAY 


___ Swelling of arm. 
___. Any other reaction 


____ I did not have any reaction. 


___. Work days lost due to “Reaction” —_. 


- 1958- 


The 1958 reaction card. The 1957 card was 
identical, except degrees of fever and work days 
lost were not requested. Different color cards were 
used for the two 1958 inoculations. 


Oct. 6-17 and the second from Oct. 17-Nov. 5. 
The material for these inoculations contained 500 
CCA units per cubic centimeter and included four 
strains of influenza virus: 100 CCA units Type 
A-PR8& strain, 100 CCA units Type A-PR301 
strain, 200 CCA units Type A-Asian strain, and 
100 CCA units Type B-Great Lakes 1739 strain. 

At the time of this inoculation, each employee 
was given a card to be filled out and returned 
within 10 days (Figure). For the major portion 
of the analysis, unchecked cards were not counted. 
However, as it is likely that some or all of these 
were meant to mean no reaction, the unchecked 
cards were treated as “no reaction” for the figures 
given in parentheses in Table 1. The differences 
in percentages are not great, and unchecked cards 
were not included in subsequent analyses. 

Employees with known or suspected allergies to 
eggs or other chicken products were not permitted 
to take the vaccine. In addition, persons with acute 
febrile respiratory illnesses were advised to delay 
their inoculations. 


Results 


Analysis of the returned cards is given 
in Table 1. In the three inoculation series, 
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TABLE 1—Percentages of Persons Reporting 
Specified Reactions Among Total 
Number Reporting 


Inoculation Series 


Reaction 1957 1958 (Ist) 1958 (2d) 
Any systemic reaction 29.2 21.8(20.9) * 12.0(11.4) * 
Fever, unspecified 3.6 1.2) 
Fever, under 100 F 12.0 0.3756 0.1>23 
Fever, over 100 F J 17 1.0) 
Chills 12.4 6.6 3.6 
Fatigue 21.2 16.8 8.9 
Nausea 7.0 5.9 2.8 
Any local reaction 42.2 43.3(41.5) * 26.9(25.4) * 
Redness 23.1 27.4 16.6 
Pain 25.5 23.4 14.2 
Swelling 15.6 18.1 11.6 
Other reaction 13.4 10.0 5.7 
No reaction 41.5 46.0(48.2) * 64.0(66.0) * 
Lost time reported =_ 41% 2.0% 
Total days of lost time - 158 4 
Mean days per absentee — 1.8 1.6 
No. vaccinated 2,021 2,675 2,003 
No. reporting 1,689 1,981 1,262 
2,064) * (1,334) * 
© Reporting S4 74 63 
(77) * (67) * 


* Unchecked cards were not included in this Table except for 
figures in parentheses, which presume unchecked cards to mean 
no reaction. 


covering both years, the percentage of per- 
sons reporting at least one reaction ranged 
from 36% to 58%. It must be remembered, 
however, that all reactions were reported by 
the subject and were unconfirmed. In ad- 
dition, all illnesses experienced during the 
reportable period probably would have been 
interpreted as reactions by the subject and 
reported as such. It cannot be reasonably 
expected that all symptoms and signs oc- 
curring after inoculation would be due to 
the vaccine, since we know that many mild 
infectious diseases produce such symptoms. 
This fact alone may explain the higher 
incidence of systemic reactions reported in 
1957,* (Table 1), for inoculations that year 
were given during the period when the 1957 
influenza epidemic was reaching its peak. 
The incidence of both local and systemic 
reactions dropped considerably from the 


* Significant at 0.01 probability level. 


Lynch et al. 


INFLUENZA INOCULATIONS—REACTIONS 


TABLE 2.—Percentages of Persons Returning 
Reaction Cards for Inoculations in 1958, 
by Whether or Not They Returned 

Cards for Both Inoculations 


Persons Returning 


Cards for Both Persons Returning 
Inoculations Cards for 
Reaction Ist 2d Ist Only 2d Only 
Any systemic 17.3 11.9 28.4 14.0 
Any local 42.3 26.6 44.7 30.5 
No. reaction 47.8 64.0 43.5 64.8 
No. cards returned 1,183 1,183 798 79 


first to the second inoculation in 1958.+ 
In Table 2, rates were computed separately 
for those who returned reaction cards for 
both inoculations and those who returned 
only one. Reported systemic reactions to the 
first inoculations were higher ¢ for persons 
returning only the first card (28.4%) as 
compared to systemic reactions for those 
persons who returned both cards (17.3%). 
Two factors probably contributed to this 
effect. Persons with systemic reactions to 
the first inoculation may have been dis- 
couraged from taking the second; also, per- 
sons may be more likely to report when they 
have a systemic reaction to report. These 
biases do not entirely explain the difference 
between the rates for the two inoculations, 
since even for persons returning both cards, 
more local and systemic reactions were re- 
ported from the first inoculation as compared 
to the second.§ For these persons the sys- 
temic rates were 17.3% compared with 
11.9%, and the local 42.3% compared with 
26.6% for the first and second inoculations, 
respectively. Whether this was due to a 
difference in illness rates in the two periods, 
to psychological factors in taking and re- 
porting two inoculations so close together, 
or to some physiological effect of the first 
inoculation can only be conjectured. 

In Tables 3 and 4, the reports from per- 
sons returning both 1958 inoculation cards 
are analyzed for the correlation between the 
two reports. From Table 3, it can be seen 

7 Significant at 0.001 probability level. 

t Not statistically significant. 

§ Significant at 0.001 probability level. 
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Taste 3.—Reaction Rates on Second Inoculation 
in 1958 for Persons With and Without 
Reactions to the First, for the 1,183 

Persons Returning Both Cards 


Persons with 


No Reactions 
on Ist, % 


Reactions on Ist, 


Reactions on 2d 22 
No reactions on 2d 78 


No. cards returned 565 


that based upon reaction cards returned, 
who had the first 
inoculation compared with those who had no 
reaction to the first inoculation were twice 


persons reactions to 


as likely to react to the second inoculation 
(49% compared with 22% ). 

Further, from Table 4, it is clear that 
systemic reactions to the second inoculation 
in 1958 were considerably more frequent for 
persons reporting systemic reactions to the 
first than for those reporting only local or 
no reaction to the first.§ Similarly, local 
reactions were somewhat higher in_ those 
who had reported local reactions to the first 
inoculation. These tendencies for the same 
persons to report either systemic, local, or 
no reaction could be due either to subjective 
reporting differences or to actual predisposi- 
tions toward these reactions. 

A breakdown of reactions reported from 
the 1957 by 


inoculations vaccine manu- 
|| Significant at 0.001 probability level. 
{ Statistically significant at the 0.001 probability 
level. 


Taste 4.—Reaction Rates on Second Inoculation 
in 1958 for Persons with Systemic, Local, 
and No Reactions to the First for the 
1,183 Persons Returning Both Cards 


Persons with 
Local (& No 
Systemic) 
on Ist, % 


No or 
“Other” 
on Ist, % 


Systemic 
on Ist, % 


Systemic on 2d 29.3 
Local (& no 
systemic) on 2d 
No or “other” 
on 2d 


20.0 


50,7 


No. cards returned 205 
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facturer and strength is given in Table 5. 
There is a definite difference in the results 
obtained from vaccines of the three manu- 
facturers. Vaccine from Manufacturer A 
resulted in a higher proportion of reactions 
than the other two. We are in no position 
to judge about a strength difference, since 
both vaccines of Manufacturer A resulted 
in more reactions than the other two vac- 
cines. It is interesting to note that the 
systemic rates for Manufacturers B and C 
are the same as the systemic rate for the 
first inoculation in 1958. 


Comment 

Absenteeism reported was low (2% -4% ) 
considering that much of it may not in fact 
have been due to the inoculations. From 
11%-29% of returned cards had systemic 
reactions checked. This is likely an over- 
estimate reflecting reporting biases and un- 
related illnesses. Local reactions, none of 
which were incapacitating, were reported by 
25% -43% of subjects; 42%-66% reported 
no reaction. 

More systemic reactions were reported 
from 1957 inoculations and were probably 
more related to the coexisting intluenza 
epidemic than to the vaccine. Local reac- 
the same for the first 
inoculation in 1958 as in 1957. The actual 
reaction rates were probably the same for the 
two years. Quantity of virus, ranging from 
200 to 500 CCA units per cubic centimeter, 
and number of strains, ranging from the 
monovalent Asian to the 1958 polyvalent 


tions were about 


TABLE 5.—Reported Reactions to the 1957 
Inoculations by Manufacturer and 
Strength of Vaccine 


Strength 5OOCCA 


200CCA All 
Manufacturer A B A Cc bined 
Reporting: 

Any systemic 

Any local 

Other 

No reaction 


No. vaccinated 
No. reporting 


456 
386 


2,021 
1,689 
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INFLUENZA INOCULATIONS—REACTIONS 


TABLE 6.—Summary of Comparable Studies 


Seal‘ 


Mangelsdorff ——- 
et al.* 


Vaccine Used 200 CCA 200 CCA 200 CCA 250 CCA 300 CCA Units 200 CCA or 
Units Units Units Units Type Type A, A', B 500 CCA 
Type A Type A Type A A-FM-1 Strain 200 CCA Units Type A 
Asian Asian Asian 250 CCA Units Asian Asian Strain Poly valent 
Strain Strain Strain Units Type Strain 500 CCA 
A-Conley Strain Units 


No. vaccinated 
Systemic 


reactions, “% 4.2 34.5 14 
fever 
Local 
reactions, 49-51 61.1 54 
at least 
No reactions, % 45.5 30.8 Not 


specified 


Less than Less than 1 


Absenteeism, % 14 


formula, did not appear to influence in- 
cidence or severity of reactions. 

Persons returning reaction cards for only 
one inoculation in 1958 reported more reac- 
tions than persons reporting both. Persons 
returning both cards reported fewer sys- 
temic and the 
inoculation than to the first. In addition, 
there was evidence of a predisposition for 


local reactions to second 


the same persons to report systemic, local, 
or no reactions for both 1958 inoculations. 

In reviewing the literature, comparable 
Table 6. 
dition, a comprehensive review by Griffin © 


studies are summarized in In ad- 


of reactions to Asian influenza vaccine 
among military personnel showed that sys- 
temic reactions were common but the num- 
ber causing excused-from-duty status was 
small. These studies substantiate our find- 
ings of no severe reactions and minimal 
absenteeism. However, the reports showed 
a wide variation in the total percentage of 
systemic reactions (4.2% to 55.9%) with 
less variation in local reactions (26.5% to 
61.1%). Salk? reported that the frequency 
and severity of systemic reactions were re- 
lated to the concentration of virus in the 
vaccine. This observation, however, does not 


Lynch et al. 


* Refers to military noneffectiveness among a total of 200 men and is not comparable to industrial absenteeism. 


250 CCA 
Units Type Ist 2d 
B-Lee Strain 


283 16,210 2,675 2,003 

39.2 55.9 29.2 21.8 12.0 

fever 

56.9 26.5 42.2 43.3 26.9 

Not 4.2 41.5 46.0 64.0 
specified 

13.5 * 4.2 Not determined 4.1 2.0 


explain the wide variation in reaction rates 
shown in Table 6. It is possible that these 
differences may have been due to dissimilar 
criteria set up to determine systemic reac- 
tions, as well as the fact that all reporting 
was subjective. 


Summary 


Local and systemic reactions to 4,699 in- 
fluenza vaccine inoculations, given to Na- 
tional Institutes of Health employees in 
1957 and 1958, were studied. Within the 
limited scope of the study, potency in terms 
of CCA units per cubic centimeter as well 
as number of strains of virus in the vaccine, 
did not seem to have a bearing on the num- 
ber or severity of reactions. Local reactions 
were relatively high but minor in severity. 
Systemic reactions, likewise, were not ex- 
cessive or unusually severe, and absenteeism 
was low. 

Reaction patterns for persons receiving 
two inoculations during the 1958 season were 
compared. Reactions after administration of 
vaccine from three different manufacturers 
were noted. 
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Conclusion 


Reac ions to influenza vaccine inocula- 
tions given to National Institutes of Health 
employees during 1957 and 1958 were not 
excessive or severe and were not considered 
to have adversely influenced the over-all 
working efficiency or productivity of the 
staff. 

National Institutes of Health. 
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FREQUENTLY INDICATED 


PARAF LEX ree spasy 


When accidents result in sprains or strains, PARAFLEX reduces painful 
spasm promptly, Effective in a wide variety of rheumatic, arthritic and 
orthopedic disorders, PARAFLEX relieves pain, improves mobility and 
facilitates rehabilitation. Side effects seldom occur and are rarely severe 
enough to require discontinuation of therapy. Average Dosage: Two 
tablets t.i.d. or q.1.d. Supplied: Tablets, scored, orange, McNEIL) 


bottles of 50. Each tablet contains PARAFLEX, 250mg. >= 
McNEIL LABORATORIES, INC PHILADELPHIA 382, PA. 
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